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ABSTRACT 


The fiber (chrysotile) and adjoining layer of matrix of several specimens of serpentine 
were compared for differences in chemical compositions, x-ray diffraction, specific volume, 
loss on heating, differential thermal analysis, thermal balance analysis and electron micros- 
copy. The significant difference in composition was a lower Al,Os, and also generally FeO; 
and FeO, content of the fiber compared to the matrix. Results of computation of the struc- 
tural formulas using the method of Duncan McConnell suggested that a small difference 
occurs in the distribution of the extraneous ions (Al**, Fe**, etc.) in the structure of chryso- 
tile and the matrix. The computations indicated that in the case of the fiber, the only 
extraneous substituent in the silica layer was tetrahedral water ((H*)4 for Si**), the other 
ions apparently assuming octahedral coordination. The silica layer of the matrix, on the 
other hand, contained small amounts of ions together with the tetrahedral water. Thermal 
balance and static loss-on-heating results indicate clearly that a small portion of the water 
is liberated at a higher temperature than that from the brucite layer, and this high-tem- 
perature water could be the tetrahedral water suggested by results of the computations. 

Electron microscope examinations showed that specimens of the matrix contained 
“fibers” in form of laths of probably different degrees of curvature, including tubes. The oc- 
currence of chrysotile in tubular crystals was confirmed with a variation not previously 
reported. The specimen from Eden Mills exhibited curling of lath-like crystals from both 
edges which apparently resulted in formation of twin tubes. Results of specific volume 
measurements on a massive sample of this mineral indicated negligible voids precluding a 
tubular morphology. Since the subdivided fibers occurred in form of tubes it may be 
assumed that these form during the grinding of the specimen. 


I. INTRODUCTION 


Results of investigations in recent years (1, 2, 3, 4, 5. 6). on the 
morphology of chrysotile show that the fibers occur in the form of tubu- 
lar crystals. Antigorite on the other hand in microscopically detectable 
particles occurs in platy crystals. Bates and Mink (7) advanced the hy- 
_ pothesis, on the basis of Pauling’s (8) theory of “misfit” between layers as 
being the fundamental cause of curvature; that the crystals of antigorite 
tended to be flat because of the presence of extraneous ions which re- 
lieved the stress. Roy and Roy (9) studied the effects of substitutions of 


1 Research Department, Owens-Illinois Glass Company, Toledo, Ohio. 
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ions on the morphology of synthetic serpentines and showed that the 
crystal habit, platy or tubular, was related to the size of the substituent ion. 

The present study was undertaken to examine the possible effects of 
the extraneous constituents in mineral serpentines on their properties. 
The specimens, from different localities, consisted of veins of chrysotile 
between adjoining layers of the matrix. The results of complete chemical 
analysis, x-ray diffraction, electron microscopy, differential thermal 
analysis, thermal balance analysis, static loss on heating and specific 
volumes are given in this report. 


II. MATERIALS AND PROCEDURES OF TEST 
1. Materials 


The minerals used in this study and related information on them are 
given in Table 1. As noted, most of the fiber and matrix pairs were ob- 


TABLE 1. MINERALS USED IN PRESENT STUDY 


Designation or name Locality Supplier and supplier’s No. 
Fiber and Matrix Eden Mills, Vt. Wards* 
Fiber and Matrix Delaware Co., Pa. N.M. R 4658 
Fiber and Matrix Aboutville, N. Y. N.M. 9143 
Fiber and Matrix Globe, Arizona N.M. R 4654 
Fiber and Matrix , Quebec N.M. 18,879 
Fiber and Matrix , Quebec N.M. 107,853 
Fiber and Matrix Montville, N. J. N.M. R 4656 
Yu Yen Stone Manchuria, China N.M. 94356 


® Ward’s Natural Science Establishment. 
> National Museum, Washington, D. C. 


tained from the National Museum, others were purchased from Ward’s 
Natural Science Establishment. Fibers for special tests were purchased 
on the open market. The specimens from Quebec varied considerably one 
from the other in physical characteristics. 

The matrix immediately adjoining the veins of fibers was cut to a thick- 
ness of ¢ inch and then crushed finely. These are the samples, with one 
exception, to be mentioned, used in the present study. 


2. Procedures 


X-ray diffraction was recorded with either a North American Philips 
wide angle Geiger-counter unit or with cameras of 57.3 mm. radius. 
Filtered CuKa radiation obtained with excitation of 35 K.V.P. at tube 
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current of 17 ma. was used exclusively. Rates of scan for Geiger-counter 
recording ranged from 1° to 1/8° per minute, in 20. 

The matrix specimen for the electron microscope mounts were finely 
subdivided by repeated grinding in a mortar with a pestle. The fibers for 
this purpose were dispersed in aqueous suspension with a Waring 
Blendor. The photographs were taken using an R.C.A., Universal Model, 
Electron Microscope at magnifications up to 9,900 X. 

Specific volumes were determined with Gay Lussac flasks of 10 ml. and 
100 ml. capacity in water at 35° C., controlled to +0.05° C. Water and 
CCl, were used alternately as density media, and the samples ranged from 
one to five grams in weight. Temperatures were recorded to +0.025° C. 
and weighings to about 0.1 mg. 

Precautions, as follows, were observed in this phase of the study. Each 
flask was standardized with both density media, at the temperature used. 
To insure surface wetting of the samples, one drop of “‘Tergitol’”’* was 
added to the water in each determination. The liquids were admitted to 
the flasks containing the specimen under partial vacuum. A stoppered 
desiccator provided with a thistle tube and stopcock was used for filling 
the flasks. The fiber-matrix pairs were always tested concurrently. 

Specimens used for determining the specific volume of massive 
chrysotile (in compact condition as occurring in the vein) were cut into 
pieces of 0.7 to 1.0 inch-square cross sections parallel to the fibers, the 
fibers being held intact by the layers of matrix still present at the extrem- 
ities of the fibers. The matrix was then trimmed back so that the fibers 
had a protective layer of about 1/16 to 3/32 inch of the matrix. The veins 
ranged from 5/8 to 7/8 inch in thickness. The specimens, after overnight 
drying at 100° C., were exposed to the laboratory air for about two weeks 
before weighings and measurements were taken. After completion of these 
tests, the specimens, wrapped in glazed paper, were crushed carefully in 
a vise in order to separate matrix from fibers. The volume of the matrix, 
assumed to be void free, was computed from its weight and density and 
the value obtained subtracted from the measured volume of the com- 
posite specimen. 

The differential thermal analysis (DTA) equipment used in the present 
study has been described (10). In order to obtain results that could be 
compared without need of allowing for variations due to equipment, all 
samples were tested in the same cell starting with a cold furnace. The 
same weight of fiber and matrix obviously could not be used at a fixed 
volume due to the bulking effects inherent in the fibers. The samples for 
tests, amounting to 1.00+0.10 g. of matrix (passing a No. 20 sieve and 


® Sulfate derivative of 3.9 diethyl tridecanol-6. 
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retained on No. 50 sieve) and 0.60+0.05 g. of fibers were packed in the 
cell with a minimum of crushing of “bundles” about 0.02 to 0.05 inches 
in diameter, following a set procedure to minimize possible variations in 
degree of compaction from sample to sample. 

Chemical analyses were made according to standard methods. 

Loss-on-heating curves were determined in a laboratory furnace, the 
temperatures being obtained with chromel-alumel thermocouples located 
near the crucibles. A period of twenty-four hours was allowed for attain- 
ment of equilibrium at each temperature. Some small deviation from 
equilibrium may have occurred between temperatures of about 500 to 
600° C., but because the samples were heated together, the data are 
comparable. 


III. RESULTS AND DISCUSSIONS 
1. Oxide Composition of Minerals 


The results of chemical analysis of the serpentines for 19 constituents 
are given in Table 2. These data show that the Al,O; content of the matrix 
was always higher than that of the fibers for each serpentine sample. 
Also, the sum of the moles of the extraneous constituents was invariably 
- higher for the matrix than for the fibers for any given serpentine. One 
correlation based on the total amounts of Alt, Fe** and Fe? ions is given 
later in this report. 

In order to ascertain how the composition of a given serpentine might 
vary from one section to another, a specimen consisting of a layer of 
matrix between two veins was analyzed. The 3.0 inch thick layer of Eden 
Mills matrix was cut into five sections of equal thickness and these are 
marked consecutively M-1 to M-5. The results are given in Table 3. The 
fiber-matrix pairs at the two extremities of the specimen showed the same 
trends as manifested by those listed in Table 2. The variations in the 
amounts of the constituents in zones M-2, M-3, and M-4 were large, 
indicating possible presence of some other phase, probably a chlorite. 
One may note especially the high magnesia and low water contents of 
samples M-3 and M-4. 

In the application of analytical data, the possible presence of impurities 
becomes a problem. The serpentine specimens from Globe, Arizona, and 
Eden Mills, Vermont, contained a second phase, possibly chlorite and 
magnesite, respectively. The Montiville fiber also probably contained an 
unidentified impurity. The other specimens were assumed to be homo- 
geneous phases, that is, the extraneous ions were considered to be lattice 
constituents. On such assumption, the following computations were 
made. 

Attempts to calculate structural formulas from the analytical data 


5 


CHRYSOTILE AND ANTIGORITE COMPONENTS OF SERPENTINE 


“) OTT 32 SSO] S9pNpoUy e 
Se ee ee nn nn ee 


06° 66 O1'O0T OL 00T TS°OOI  $S00T IZ°00T 78°66 TTOOT = $Z 001 €7°00T  SS*O0T % 
‘TeIOL 
“pu 09° (Ake €3" 09° gs 91° Gs PC go" 97" Z)ROET 
12 sso’— 
ZO" £70" F10° 10° ZO" ZO" £0" 10° 10° Z0° ZO" oO 
0° 90° ZO" 10° £0" £0° £0" £0" ZO" 0° ¢0° OF8N 
“pu 00° 00° ZO" SO £0° So" 00° 00° 10° So’ On 
97" 00° 200° 00° 00° 00° 00° 00° 00° 00° 00° OIN 
IT’ SO" ¥20° ZO" +0" OT: cis $0" +0" ZO" ZO" OU 
eh LY’ 97° SO’ ie chil 00° 1Z Or 61 70° 10° (018) 
og" 00° 100° 00° 10° S00" 900° £00" £00° +00" 800° §OAD 
£0" ZO" 90° 10° 00° SL 866 10° +0" ae nee! 209 
i 9¢0" £10" £0" 90° 020° 720° $0" Ol 120° 010° 7OLL 
90° Te" 10° ZO" ZO’ 10° 00° 60° 80° 00° 00° *OS 
v6 IT 77 ‘FT | | £7 FI 9¢ FT LV St Sg tl t0'F1 88° el OF eT ZS'ET .  SSOT 
“uBy 
Og 9 gf IF S0° CF $8 °C 08° 00° OF 00° SZ 78° CP 19° CP OS 7 OL tr O2W 
ISP 0° LS0° SO’ 90° LV rhe So’ 90° O10" €F0" OPA 
19°¢ 13° os" I og" 9" 80°1 sd te 39° £6" 0s" 8h WO 
6S'T 61° or" ve" LS" hag cr’ rE ol cl tL £O71V 
O¢ If 88° IF 20’ Ch OL IF 7S IP 00° €F 08°97 08° IF 08 If 0S @F Once 8% “OIS 
XLeyy AI Xe JIU XT1] eI TO] XLIye yy AI XT PY TI XUeYL 
11696 Bipg eee ky, Fe. ae i 
OWN, 9S9% W'N 61881 WN PSOP WN £716 WN Bsr A WN 
euosinay *£ N ‘oTpTATUOyy epeury ‘agony euoziiy “aqo[r) ACN ‘oT[tAnoqy Bq ‘OD searfad 


eS eee ee 
ALIUOOLINY ANO GNV ANILNAdAAS LO SUV AAT AO SNOILISOMWOD AGIXO °7 ATAV LE 


6 G. L. KALOUSEK AND L. E. MUTTART 


TABLE 3. OXIDE COMPOSITIONS OF SERPENTINE SPECIMEN FROM EDEN Mitts CONSISTING 
OF A LAYER OF 3 INCHES OF MATRIX BETWEEN Two VEINS OF FIBERS 
Curt into LAYERS .6 IncH THICK 


Fiber M-1 M-2 M-3 M-4 M-5 Fiber 
SiO» 38.38 36.78 37.96 40.56 40.42 36.88 39.96 
Al,O3 0.44 1.67 1.47 1.53 0.34 1.48 .64 
Fe:O3 6.19 6.01 3.83 3) 510) 1.81 5.87 4.30 
FeO 1-30 1.81 2.09 De thes DAD 1.69 1.30 
MgO 39.90 39.75 41.90 43.10 43 .90 39.80 41.00 
Loss (1100° C.) IP A0) 13.26 11.94 8.81 10.21 13.69 12.88 
SOs 0.14 0.14 0.10 0.12 Omid 0.10 0.10 
TiO, 0.03 0.05 0.02 0.02 0.02 0.03 0.072 
CO, — — 0.19 0.18 0.18 0.14 0.00 
CreO3 0.11 Ons 0.25 0.26 0.24 0.33 0.12 
CaO — 0.03 0.03 0.04 0.03 0.04 
MnO 0.08 0.09 0.12 0.15 0.13 0.10 0.08 
NiO 0.10 E22 0.18 0.13 0.12 0.10 0.06 
Na20 0.02 0.03 0.03 0.04 0.02 0.04 0.02 
K:0 -— — 0.04 0.03 0.03 0.03 0.02 
Loss (110° C.) 0.28 Ont — — — — 388 
Total, % 100.23 100.33 100.15 100.26 99.99 100.31 100.97 


& Loss at 150° C. 


following conventional methods gave unsatisfactory results. Application 
of the method of McConnell (11) which is based on the assumption that a 
portion of the water, designated as tetrahedral water, is substituted for 
the silica ((H*), for Si‘+) similarly as in the hydrogarnets, gave some 
striking results. The data are given in Table 4. In these computations, it 
is assumed that the silica layer is completely filled, there being 2.000 
moles of the cations. Since the analytical results did not give the indicated 
total, the deficiency was made up by assuming that the excess water, as 
indicated in the calculations, was substituted in the silica layer. Any 
further deficiency from the required value of 2.000 was subtracted from 
the sum of the cations in the brucite layer without regard to kind. 

The computed results in Table 4 show that tetrahedral water is the 
only substituent for Si‘* in the silica layer of chrysotile, the total of cat- 
ions being very close to a value of 2.000. The calculations of the antig- 
orite formula indicate, on the other hand, that a small but apparently 
real amount of substituents other than the water are present in the silica 
layer of this mineral. 


After the deductions were made, the brucite layer of both minerals 
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TABLE 4. Ion DisTRIBUTIONS IN OCTAHEDRAL AND TETRAHEDRAL PosiITIONS IN ANTIGO- 
RITE AND CHRYSOTILE CALCULATED BY THE METHOD OF DuNcAN McConne tt (11) 


Delaware Co., Aboutville Montville 
aloe Quebec #18879 f 
Fin Pa: Ne INGER 

Matrix Fiber Matrix Fiber Matrix Fiber Matrix Fiber 
Mg?" 2.924 2.937 2.922 2.937 2.915 2.935 2.873 2.820 
Fe?* Off - O27 032 .024 "O12 = 2010 2052) 5021 
Fe?* 002 =.003 003 .001 .003 .002 .002 ~.001 
Als* * 040 =.017 .007 .006 AOI ale 027 2013: 
R= R* * 009 .007 -026 016 LOZ Toten .034 .064 
2.992 2.981 2.990 2.984 2.988 2.976 2.989 2.919 
Tetrah. Reg.» 2012-001 .013 = .000 .004  .000 .008  .001 
Octah. Total 2.980 2.980 2.977 2.984 2.984 2.976 2.981 2.918 
Si‘t 1.950 1.961 1-924 1-921 1.900 1.915 1.940 1.914 
(H*)s .038 .038 .066 .079 096 .085 20525) 085 
Debit® .012 ~=-.001 .013 ~=.000 .004 .000 .008 .001 


Tetrah. Total 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 


® Summation of all ions other than those listed in the table. 

> The amounts of ions required for completing the silica layer are subtracted from the 
total amount assumed to occupy the octahedral position. 

© Amount of ion required to fill all tetrahedral positions. 


showed a balance very close to a value of 2.980 except for the Montville 
fiber, this being 2.919. Some uncertainty regarding the computed result 
occurs because of the relatively large amounts of CaO (0.47%) and SOs 
(0.31%), the SO; was not counted in either the fiber or matrix computa- 
tions. Because of the uncertainty regarding the manner in which the CaO 
and SO; are combined, the computed results on the fiber of the Montville 
serpentine cannot be interpreted rigorously. 


2. X-ray Data 


The x-ray data of five fiber-matrix pairs are given in Table 5. Each 
result represents the average value of 2 to 5 measurements. A distinguish- 
ing feature of these data is a generally richer and sharper pattern for the 
matrix compared to that of the fiber. Also small spacing differences in the 
4.3 to 4.8 A region are evident in the results of the matrix samples. 

A specific feature of the data generally serving to differentiate between 
the chrysotile and matrix is the ratio of the intensities of the line at 7.3 
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A to that at 3.6 A, referred to as the I;.3/Is.6 ratio. In Fig. 1 these ratios 
are plotted against the total number of moles of Al’+, Fe’+ and Fe?+ for 
seven fiber-matrix pairs. The values for each pair are connected by a 
line. The values of the ratios ranged from about 1.0 to 1.2 for the fibers 
and about 1.3 to 1.8 for the matrix specimens. Four other fiber-matrix 
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Fic. 1. Plot of the total Als+, Fe*+ and Fe?* contents of serpentine samples and the 
ratios of the intensities of lines at 7.3 A and 3.6 A (I7.3/Is.6). 


pairs of other serpentines, which were not analyzed, were also observed to 
manifest a similar variation in the J7.3/J3.. ratios. The values for all speci- 
mens ranged from 0.80 to 1.40 for the fibers and 1.27 to 2.40 for the ma- 
trix. Because of the overlapping of the values for the fiber and matrix 
in the range between about 1.27 and 1.40, these values alone are not suit- 
able for differentiating between fibers and matrix. However, in every 
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sample of serpentine examined, the value of the J7,3/J3.6 ratio was in- 
variably higher for the matrix than for the fiber. 


3. Specific Volume 


The specific volume values for the three fiber-matrix pairs containing 
the lowest amounts of impurities were consistent and the average value of 
15 determinations on the fibers was 0.392, and average of six values on the 
matrix was 0.398. It appeared worthwhile to compare these values with 
those calculated from the unit cell on a product of ideal composition, 
3MgO- 2SiO,-2H,0, and the values so calculated are given in Table 6. 


TABLE 6. TABULATION OF Unir CELL Sizes, IN Kx Units, By WHITTAKER (12) AND Com- 
PUTED DENSITY FUNCTIONS OF CHRYSOTILE AND ANTIGORITE 


(In these calculations, 1 A=1.00202 Kx) 


Warren Warren : Whit- : 
: Aruja Padurow Aruja 
Parameter or & Bragg & Hering taker ; 
: chrys- chrys- antig- 
function chrys- chrys- 3 : chrys- : 
: ; otile otile : orite 
otile otile otile 
do 14.66 7.33 14.62 7.36 14.65 7.265 
bo 18.50 9.24 9.2 9.26 9.2 9.238 
Co 3208 Boo Sno2 yok) S33 5.428 
a 90° 90° 90° 92°50’ 90° 90° 
g 93°16! 93°16’ O3P12» 93°11’ O35! 91°24’ 
OY 90° 90° 90° 89°50! 90° 90° 
Calculated Density 2.533 22539 2.558 eon 2.548 2.013 
Specific Volume 0.3948 0.3945 0.3909 0.3965 0.3925 0.3979 
Ratio Specific Vol- 
umes Matrix: 1.008 1.009 1.018 1.004 1.014 (Unity) 
Fiber 


® The eight-fold multiplication along the c axis gives a value of co=43.39, 
> Calculations were performed using Avagadros number, N=6.06X10-*3 so that direct 
comparison with Aruja’s original results may be made. 


The results of 0.394 and 0.398 for chrysotile and matrix (antigorite) are 
in good agreement with the experimentally determined values. Results 
of 0.381 and 0.378 for the specific volume of the fiber and matrix, respec- 
tively, of the Eden Mills, Vermont, serpentine are lower than those given 
because of the higher amounts of iron present in this sample. 

The results obtained with water and CCl showed good agreement, 
within 1.0 per cent, for the fibers only. The matrix specimens gave con- 
sistently higher values in CCl, by 3.00+0.75 per cent, than in water. 
The only apparent explanation which can be made is that all voids in 
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fibers and matrix were filled with water, but not all with CCl, in the 
matrix. 

The apparent specific volumes of three massive chrysotile specimens 
are given in Table 7. The Eden Mills fibers contained only 1.0 per cent 
voids compared to 12.5 per cent for the Globe fibers. One may safely 
assume that the Eden Mills fiber with so low an amount of voids could 
not occur as tubular fibers or even solid round rods (the void volume for 
rods of uniform diameter in closest possible packing amounts to 9.3 per 
cent). On the other hand, the entire Globe specimen, and a portion of the 
Delaware specimen could occur as small bore capillaries. Pundsack (13) 


TABLE 7. APPARENT AND ABSOLUTE SPECIFIC VOLUMES OF SPECIMENS OF SERPENTINE 
CoNSISTING OF THICK LAYERS OF FIBERS BETWEEN THIN LAYERS OF MATRIX, 
AND AMOUNTS OF VOIDS IN THE FIBERS 


Specific volume 
Amount fibers Voids by % 


pecetmen Apparent, Absolute, % by vol. of app. vol. 
cc./g. ce./g. 
Eden Mills 386 383 77 1.0 
Delaware County .422 .394 80 8.2 
Dies) 


Globe, Ariz. .440 394 84 TR 


who used a different technique in preparation of the test specimens than 
described here for void-volume measurements observed voids amounting 
to only few per cent of total volume. 


4. Loss on Heating 


Representative loss-on-heating curves are presented for two samples of 
fiber-matrix components of serpentine in Fig. 2. The losses are referred 
to a constant weight obtained on drying at 135° C. Two other specimens 
of fiber and matrix (Globe, Arizona and commercial grade of Quebec 
chrysotile) showed curves intermediate between the respective ones 
shown in Fig. 2. 

The two matrix specimens manifested a small continuous loss up to 
about 450° C. and this was followed by a large loss in the temperature 
interval from 450° to about 550° C. These specimens also showed a 
second but comparatively small inflection between approximately 550° 
and 600° C. This suggests that a portion of the water was held somewhat 
more strongly than that given off at the lower temperature. Such a two- 
step dehydration was not observed for the fiber. In comparing further 
the curves of the fiber to those of the matrix, it is seen that the fibers in 
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both pairs of specimens lost the water at higher temperatures than did 
the matrix specimens. It follows, therefore, that the major amount of 
water is more tightly bound in the chrysotile component than in the 
matrix. 

The loss-on-heating curves indicate a small but apparently real differ- 
ence in the binding strength of water in the fiber and matrix. 
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Fic. 2. Loss on heating curves. 


5. Differential Thermal Analysis 


The DTA results on six pairs of serpentine specimens did not show any 
definite trends which could serve to differentiate between fiber and ma- 
trix. The principal thermal effects, accompanying the dehydration of the 
brucite water, and the subsequent exothermic peak, varied about equally 
among the samples with no relation to sample origin. In general, the tem- 
perature interval between completion of dehydration of the brucite water 
and the start of the exothermic reaction was slightly larger for the fiber 
than for the matrix. However, due to the uncertainties of definitely meas- 


uring this difference, reproduction of the DTA results does not appear to 
be justified. 
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6. Thermal-Balance Analysis 


In view of the loss-on-heating results, and the possible difference in 
the temperature gap, just mentioned, between the fibers and matrix, it 
seemed desirable to obtain further information on the dehydration of 
the serpentine pairs in the form of thermal-balance curves. The thermal- 
balance gives the loss in weight, in a continuously recorded curve, as a 
function of temperature. The tests were performed on three serpentine 
pairs at the Bureau of Reclamation, Denver, Colorado, under direction 
of Dr. R. C. Mielenz. The samples were heated at a temperature-rise rate 
of 5° C. per minute. 

The result of most interest is the amount of water lost at high tem- 
peratures. The thermograms were examined for inflections in regions of 
high temperatures, and the temperature at which the “high-temperature” 
water started to be driven off was taken at the point where the tangent to 
the curve first begins a negative (clockwise) rotation. These points gen- 
erally were not easily located but may be considered to represent fairly 
closely the temperature at which the liberation of the high-temperature 
water started. The results are summarized in Table 8 along with the 
identification of the specimens. The temperatures at which the high- 
temperature water started to come off were approximately the same for 
the two components of each serpentine sample, but varied among the 
serpentines. Dehydration was complete at about 900 to 940° C. The 
amounts of the high-temperature water ranged from 0.60 to 0.93 per 
cent by weight of the sample exposed to laboratory air. 

The curves for the Quebec serpentine (National Museum 18879) are 
presented in Fig. 3 in terms of percentage loss in weight in order that 


TABLE 8. SUMMARY OF THERMAL BALANCE RESULTS ON SERPENTINE SAMPLES 


Temp. range Amount 
Loss on “high: Chachi tena ele amt. of 
Sample ignition Pemtaater’ nee (H 8 ae 
T° oC. mp (Table 4) 
Quebec Matrix N.M. 18,879 14.59 745-1000 93 .096 
Quebec Fibers N.M. 18,879 14.80 763-1000 74 085 
Delaware Co., Pa. Matrix 13233 816-1000 67 .038 
Delaware Co., Pa. Fibers 13.58 811-1000 .76 .038 
Eden Mills, Matrix Tae 788-1000 aft 
Eden Mills, Fibers Pith 796-1000 60 


@ The amount of water, in per cent, is based on the weight of the sample in equilib- 
rium with air in the laboratory. 
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direct comparison to the loss-on-heating curves could be made. These 
curves, and those of the remaining samples, failed to show a second step 
dehydration as did two of those shown in Fig. 2 in static loss-on-heating 
tests. Apparently the rate of heating affects the manner in which the 
high-temperature water is lost. 
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Fic. 3. Thermal-balance results on serpentine (Quebec, N.M. 18879), the loss being 
expressed in percentage. 
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The amount of high-temperature water can be determined only ap- 
proximately because the temperature at which this water starts to be 
given off probably coincides with that at which loss of the other is still 
occurring. The possibility that the high-temperature water and tetra- 
hedral water are the same, as suggested by computations based on Mc- 
Connell’s methods would seem to merit further study. Quantitative sub- 
stantiation of the hypothesis based on the observed and calculated 
amounts of high-temperature water is not indicated by the present data. 
This is not surprising because of possible variations in amounts of sur- 
face adsorbed water at time of testing the samples, and the possible 
simultaneous loss of high-temperature water and the principal water of 
hydration. Nevertheless, there can be little doubt, if any, that the de- 
hydration takes place in two stages and there is a qualitative relation- 
ship as indicated by a comparison of the last two columns of Table 8 
which suggests the presence of tetrahedral water in the serpentines. 


7. Electron Microscopy 


The pairs of serpentine from Eden Mills, Delaware County, Quebec 
(N.M. 18879), the Globe fibers and Yu Yen Stone were examined with 
the electron microscope. The examinations confirmed the previously 
observed (1, 2, 3, 4, 5, 6) tubular crystalline habit with exception of 
certain variations in the Eden Mills fibers to be described. 

The Yu Yen Stone, microscopically of a clearly platy crystalline habit, 
was examined after prolonged grinding. The crystals in massive form and 
in fragments manifested the usual laminar habit. However, crystals hav- 
ing appearance of tubes or curved laths were abundantly present in the 
lighter fraction of the suspended sample. The electron micrograph in 
Fig. 4 illustrates the morphology of this mineral. The Eden Mills matrix 
contained a high proportion of fibrous crystals which at highest magnifi- 
cation appeared like partially curved laths. The fibers also contained some 
crystals manifesting a trough-like appearance. The required higher res- 
olution for study of this detail was realized by Joseph G. Sayre on the 
electron microscope at Owens-Corning Glass Company, who examined 
this specimen and the Globe and Delaware County chrysotile. 

The examination of the Globe and Delaware County specimens re- 
vealed presence of capillaries of apparently small bore as illustrated in 
Fig. 5. The specific volumes of massive specimens of these two minerals 
suggested presence of voids which could be those between fibers and the 
pores. 

In Fig. 6 is shown a fiber, between two others, of the Eden Mills 
chrysotile which is considered to manifest a cross section similar to a 
trough. Curvature apparently occurred simultaneously from both edges 
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Fic. 4. Electron micrograph of finely powdered Yu Yen Stone (P=plate and 
R=rolled plate or lath). 


Fic. 5. Electron micrograph of tube-like fibers of Globe, Ariz., chrysotile. 
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of a lath but was arrested. If curling of a lath from two edges occurs the 
individual crystals for completely rolled crystal should consist of two 
tubes. Figure 7 includes some of the assumed double tube fibers which 
had been twisted. The immediate area of the twisted fiber is reduced in 
size and the photographic image is darker. The observed effect could be 
due to the presence of a double tube fiber rolled from the edges of a single 
crystal. Figure 6 also contains possibly a shred of a single fundamental 
layer which is apparent in the form of a twisted ribbon-like fiber in the 
upper part of the figure and extends from the first to the third fibers. 

In the bottom of Fig. 8 are seen six fibers which further illustrate the 
apparent double tube morphology of the Eden Mills chrysotile. The first 
three fibers from the left are smaller in diameter and also of reduced 
photographic intensity compared to the next two. Judging by the in- 
creased size and darkness of the image, it may be that the latter two fibers 
consist of two elemental crystal sheets. The sixth fiber appears also to 
consist of two layers, one of the single layers on the left being incom- 
pletely curled. 

A total of 209 measurements were made of the fiber diameters of both 
chrysotile and matrix using micrographs at 50,000 magnification. 
Statistical treatment of the data, through size distribution frequencies, 
indicate that two (or perhaps even three) sizes obtained for the fibers as 
shown in Fig. 9. The lower distribution mode of fiber diameters for both 
the chrysotile and matrix, centered at about 340 A, represents the range 
in apparent fiber diameter. The upper mode, centered at about 650 A, 
is possibly a function of “fibril” size distribution. The presence of two 
functions may indicate, as already deduced, that the fibers were double 
tubes or formed from sequential layers. The previously reported fiber 
diameters (3, 14) fall only somewhat below the most probable size of 
340 A shown in Fig. 9. The fiber size probably is dependent, at least in 
degree, on the specimen origin. The data of this study indicate an upper 
value of about 400 to 500 A and a lower value of about 100 A for di- 
ameters of single fibers. 


IV. INTERPRETATIONS 


Results of oxide compositions and structural formulas computed by the 
McConnell method suggest that small but real differences exist between 
chrysotile and matrix of a given serpentine. The matrix may contain a 
higher concentration of extraneous ions in the brucite layer and possibly 
also a small amount in the silica layer. The chrysotile on the other hand 
may contain only (H+), as a subsituent for the Si** ion, no other substitu- 
tion occurring in the silica layer. The computations and results of experi- 
ments on water content indicate that the amount of the high-temperature 
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Fic. 6. Electron micrograph of Eden Mills chrysotile showing a partially rolled 
lath (R) and fragment of single layer (F). 


Fic. 7. Electron micrograph of Eden Mills chrysotile showing apparent double tube 
crystals, some being twisted (7). 
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(supposedly tetrahedral) water are about the same for both matrix and 
fibers of a given serpentine, and therefore would not be expected to affect 
the morphology. 

The small differences in the amounts of Als+ (and Fe*+, Fe?+, etc.) ions 
apparently correlate with crystal habit. These results substantiate at 
least qualitatively, the hypothesis by Bates and Mink (7) that the Al§+ 
ions stabilize the laminar structure of the matrix. Roy and Roy (9) 


Fic. 8. Electron micrograph of six fibers, three of single layer rolls (S.L.), two of 
double layer rolls (D.L.) and one of double layer in which one layer is incom- 
pletely rolled. 


advanced the hypothesis that the RO; content of natural antigorite 
(matrix) should be higher than that of the chrysotile. The present results 
confirm that theory. In this connection, the results on the Eden Mills 
chrysotile which probably contained more structurally bound Al** and 
other ions than the other serpentines studied, are interesting because of 
the general tendency of this chrysotile to occur in laminar crystals. 
The measurements in this study and by Pundsack (13) on the specific 
volume of massive chrysotile fiber revealed generally a porosity far too 
low compared to that required for a massive specimen consisting of 
tubular crystals. It would follow that chrysotile could occur largely in 
the form of lath or sheet crystals in native form. If such laths or sheets 
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contain internal strains due to misfit between layers, curling of the sheets 
into laths or tubes should occur. The present studies suggest that such a 
mechanism may apply to the formation of chrysotile in tubular crystals, 
but the evidence does not preclude the occurrence of tubular crystals in 
massive chrysotile (Globe, Ariz., in present studies). It may be speculated 
that the “fibers” in the matrix could also originate during grinding. More 
detailed study, however, of the matrix in both massive and subdivided 
form will be required before any conclusion may be drawn. 
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Fic. 9. Frequency distribution of sizes of fibers in seven serpentine samples. 


SUMMARY 


1. Results of chemical analysis showed that, for each serpentine 
examined, the fibers contained less AlpO3 and generally also less FesO3 
and FeO than did the matrix. 

2. Computations of structural formulas by the method of Duncan 
McConnell indicates that the silica layer of the fiber contains only tetra- 
hedral water as a substitutent, but that of the matrix also contains a 
small amount of other ions in addition to the tetrahedral water. 

3. X-ray patterns of the matrix were richer and sharper than those of 
the fiber. An outstanding feature of the x-ray data was the ratio of the 
intensities of the line at 7.3 A to that at 3.6 A (I73/Is.5 ratio), which 
ranged in value from about 0.8 to 1.4 for the fibers and 1.3 to 2.4 for the 
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matrix. In the 4.5 to 4.6 A range of the pattern, the matrix generally 
showed longer spacings than did the fibers. 

4. The values of the J7.3/J3.¢ ratio were found to increase with increas- 
ing total contents of AlO3, Fe,O3, and FeO, the matrix being richer in 
these constituents for a given serpentine composite of fibers and matrix. 
Although these differences appear real, no rigouous interpretation of the 
data could be made. 

5. The specific volumes of the purest fibers and matrix specimens 
agreed closely with the values calculated from the published unit cell size. 

6. Thermal balance and static-loss-on-heating results indicated that 
a small amount of the total water is liberated at temperatures higher 
than those required for dehydrating the brucite layer. 

7. Electron microscope views showed that the matrix specimens con- 
tained varying amounts of “fibers’’ apparently ranging in shape from 
flat laths to complete tubes. Statistical analysis of 209 measurements of 
fiber sizes in enlarged photomicrographs indicated that the most probable 
fiber diameter (or cross section) for both the matrix and fiber components 
was 340 A. 

8. Specific volume measurements on three massive samples of chryso- 
tile indicated porosities of 1.0, 8.5, and 12.5 per cent. The sample of low- 
porosities could not contain fibers in the form of capillaries, but because 
the sample after grinding contained tube-like crystals it may be assumed 
that these were formed by spontaneous rolling of the laths into tubes 
during the grinding. 
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X-RAY DETERMINATION OF DOLOMITE-CALCITE 
RATIO OF A CARBONATE ROCK 


C. B. TENNANT AND R. W. BERGER.* 


ABSTRACT 


An x-ray method has been developed for the determination of the percentage of dolomite 
in a carbonate rock. Such analyses may be useful in exploration work due to the association 
of highly dolomitized zones with locations favorable for mineral deposition. 


INTRODUCTION 


The meaning of the percentage of dolomite as used here is the per 
cent of the total carbonate, dolomite (CaCO;-MgCOs) plus calcite 
(CaCO3), which is present as dolomite in a rock specimen. Mineral 
deposits are often found in dolomitized carbonate rock. Geologists believe 
that such dolomitization often precedes or accompanies the mineral 
emplacement. The dolomitization often extends from the center of 
mineralization for considerable distances. 

From the association of dolomite and mineral deposits, it is obvious that 
a study of dolomitization of limestone might yield useful information on 
the location of such deposits, the more likely direction of concentration 
being in the direction of increasing dolomitization. 

An x-ray method has been developed for determining the percentage 
of dolomitization and is here described. It should be specifically noted 
that the method does not give information as to whether or not the 
dolomite present is primary or secondary in the paragenetic sense. This 
information must be determined from other geological information. 


EXPERIMENTAL 


The procedure consists of measuring the relative intensities of the 
strongest powder x-ray diffraction line for calcite and for dolomite in a 
series of mixtures of known proportions, and applying these results to 
samples of unknown composition. 


MATERIALS 


The dolomite used for standardization was selected from a group of 
specimens purchased from Ward’s Natural Science Establishment. It is 
the coarsely crystalline dolomite from Lee, Berkshire County, Mas- 
sachusetts. Its purity was established by powder «-ray examination and 


* Research Department, The New Jersey Zinc Company (of Pa.), Palmerton, Pa. 
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chemical analysis. The analysis expressed in terms of the carbonates is as 


follows: 


54.26% CaCO; 


Lee Dolomite ie .18% MgCOs 


Theoretical for Dolomite 


54.27% CaCO; 
45.73% MgCOs 


The calcium carbonate used was Baker’s analyzed, calcium carbonate 
powder. This material gave a sharp calcite powder x-ray diffraction 
pattern. Both materials were finely ground (—325 mesh) and dried at 
100° C. and stored in a desiccator. 


SAMPLE PREPARATION 


All samples after reduction to —325 mesh were wet ballmilled. The 
procedure used was an adaptation of the ideas of Ballard, Oshry, and 
Schrenk, 1943. The ballmills were screw top salve jars approximately 

+” in diameter and 12” deep. The cardboard liner in the screw top was 
replaced with a solid rubber gasket. The mill was charged with approxi- 
mately 180 grams of }” diameter stainless steel balls, 2 grams of sample 
~ and 2 ml. of ethyl alcohol. Silicone stopcock grease was used on the gasket 
seal and the samples ground overnight (15 hours) at 24 r.p.m. Tests 
have shown that a grinding period of at least eight hours is essential. 
Klug and Alexander (1954) discuss the particle size requirements for 
reproducibility in x-ray spectrometer applications. 

The arrangement of the drive mechanism allowed the mills to be tilted 
to approximately 45°. Following the grinding period in the horizontal 
position, the mills were inclined, the covers removed and the samples 
dried by allowing the alcohol to evaporate while the milling continued. 
The samples were recovered by emptying the mill contents onto a coarse 
(28 mesh) screen. The samples were given a brief hand mortar grind (one 
minute), and then back-packed through a screen into an aluminum cell 
against a plate glass surface (McCreery, 1949). This cell was then mounted 
in the x-ray diffractometer (North American Philips Company—high 
angle diffractometer). 


COUNTING PROCEDURE 


Nickel filtered copper «-radiation was used. Before counting, a strip 
chart was run from 26°-34° 26 to check for interference and to select 
locations for background count. The background was recorded at a 26 
position slightly larger than that for the dolomite line used and also at a 
26 position just below the 26 position for the calcite line. The exact posi- 
tions of the calcite and dolomite peaks were determined by a series of 
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counts through the appropriate 20 range recording the time for various 26 
settings using fixed count operation. 

The intensities were measured for the 3.03 A calcite line and the 2.88 A 
dolomite line at the 2@ positions determined, and corrected using the cor- 
tesponding background value. Also, when the counting rate was high, 
corrections were made for the non-linear response of the Geiger counter. 
All intensity counts were made for 64 seconds. This procedure supplied 
data with which a calcite-dolomite intensity ratio could be calculated. 
Such a ratio is proportional to the ratio of concentration of these two 
materials in a given sample. 

CALIBRATION 


The procedure was calibrated by preparing known mixtures of calcite 
and dolomite from the materials described. These were prepared by the 
Ssampie preparation procedure described and then a calcite-dolomite x- 
ray line intensity ratio was determined for each standard sample. 

The following synthetic mixtures were used: 


Weight Grams 

per cent 

dolomite Mass dolomite Mass calcite 
10 0.200 1.800 
20 0.400 1.600 
40 0.800 1.200 
60 1.200 0.800 
80 1.600 0.400 
90 1.800 0.200 


A calibration curve was then established by plotting the calcite/ 
dolomite intensity ratio as determined against the known per cent 
dolomite. (See Fig. 1.) 

TEST SAMPLES 

Eight samples were used to check the x-ray method. These were field 
samples collected in connection with a geological study. The per cent of 
dolomite in each sample was determined using the x-ray method. Also, 
suitable chemical analyses of the samples were obtained so that the per 
cent of dolomite could be calculated. For the chemical determination 
Mg, Ca, and carbonate were determined on each sample. The Mg and Ca 
data are sufficient to calculate per cent dolomite and the equivalent 
amount of carbonate. The carbonate analysis serves as a check on the 


determination. 
In Table 1 the per cent dolomite as determined by the two methods is 


listed for each sample. 
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Chemical results X-ray results 


Sample No. per cent per cent 
dolomite! dolomite! 

1 49.1 48 

2 98.8 >90 

3 SOY 50 

4 84.0 86 

5 44.8 44 

6 AS <10 

if 10.8 <10 

8 34.3 35 


1 Per cent dolomite is determined from the ratio in weight of dolomite to that of dolo- 
mite plus calcite in the sample. 


Table 2 lists the complete chemical data obtained on the samples. 

The agreement of the x-ray and chemical analyses of per cent dolomite 
in Table 1 is very satisfactory for the application intended. In these 
particular samples (see Table 2) the carbonate analyses checked well with 
the carbonate results obtained from the calcium and magnesium analyses 


i 


P 
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calculated to their carbonate equivalents as CaCO; and CaCO: MgCoO;. 
Rock specimens containing other carbonates or other calcium or magne- 
sium-bearing minerals in addition to calcite and dolomite would not agree 
in this fashion. Under such conditions proper calculation of per cent 
dolomite from chemical analysis alone would become difficult if not 
impossible. In the «-ray method which is based on the crystal phases 


TABLE 2 
Per cent CO; 
Sample Weight per Weight per Weight per calculated Per cent 
No. cent calcite! cent dolomite! cent CO;? from metal dolomite? 
results! 
1 47.20 45.5 Shed 57.91 49.1 
2 1.20 97.0 63.8 63.85 98.8 
3 48.87 49.3 61.8 61.38 50.2 
4 15.76 82.6 63.0 63.21 84.0 
5 55.09 44.7 Ole2 62.12 44.8 
6 87.95 11.4 59.6 60.15 115 
7 87.63 10.6 58.6 59.44 10.8 
8 64.03 33.4 59.4 60.13 34.3 


1 Values calculated from chemical determination of Mg and Ca content of samples. 
2 Values calculated from chemical determination of carbonate content of samples. 
3 (Weight per cent dolomite) : (weight per cent dolomite plus weight per cent calcite). 


dolomite and calcite, the ratio of calcite-to-dolomite is determined in- 
dependently of other Mg, Ca and carbonate-bearing materials. 
DISCUSSION 


The x-ray method has the advatage of giving results proportional to 
the total amount of material present having the calcite and dolomite 


structure types. A correction would be necessary in the x-ray calibration 


~ 


if samples showed major substitution of other cations for Ca** and Mg**. 


However, it seems most likely that the x-ray results would be affected 
less by small variation in chemical make up than would a method based 


on chemical analysis. 


~~ 
na 


Harker and Tuttle (1955) and Graf and Goldsmith (1955) indicate 
that Mg can substitute for Ca in calcite to an appreciable per cent only 
at high temperature. Harker and Tuttle (1955) conclude from the ease 


_ of exsolution observed in their equilibrium studies that it is unlikely that 


_ in nature carbonate rocks would usually be quenched sufficiently rapidly 


< 
] 


eo ee 


from high temperatures to prevent unmixing on cooling. 
We have examined the calcite samples referred to in this report by the 
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procedure of Harker and Tuttle for lattice variations which might indi- 
cate Mgt* content. The lattice variations for all samples fall in a range 
between pure calcite and calcite with a MgCO; content of less than four 
weight per cent. 

Goldsmith, Graf and Joensuu (1955) list measurements on a large 
group of natural calcites in which variations in magnesium content were 
measured by «x-ray. Their results indicate that small amounts of MgCOs, 
typically in the 4 weight per cent range, occur in solution in calcite. 

Chave (1952) has noted that larger variations in magnesium content 
in calcite are observed in materials formed from living organisms. How- 
ever, he recognizes their lack of stability and reports that the magnesium 
content falls to 1 or 2 per cent often within a few tens of millions of years. 

The small MgCO; contents reported would not appreciably affect 
results of our x-ray analysis. Harker and Tuttle’s data on solution of 
CaCO; and MgCO; in dolomite and Graf and Goldsmith’s data on solu- 
tion of CaCO; in dolomite indicate that there is no complication whatso- 
ever as regards to solid solution of these phases. 

Other divalent elements are known to substitute in calcite and dolo- 
mite and some to a large extent. Numerous examples of such substitu- 
tions can be obtained in most descriptive mineralogy texts. However, the 
general consensus of opinion is that such substitutions occur rarely in 
natural occurring calcite and dolomite. 

The above considerations indicate that complications from solid solu- 
tion of the phases involved and from substitution should be minor but 
nevertheless kept in mind and checked for in given applications of this 
method. 

Faust and Callaghan (1948) report studies of calcite deposits which 
have reacted with Mgt*-bearing solutions. In a later paper, Faust (1949) 
treated the subject in more detail. The products of such reaction are 
calcite plus dolomite or magnesite (MgCOs) plus dolomite. The combina- 
tion of calcite plus magnesite does not occur in nature. These observa- 
tions are in agreement with equilibrium laboratory studies of the system 
CaO-MgO-COs. The studies show that the combination magnesite- 
calcite does not occur but either one of these minerals can exist in equilib- 
rium with dolomite. 

The diffraction peaks we are using in this work are calcite 3.03 A and 
dolomite 2.88 A. The corresponding magnesite peak is at 2.73 A, thus 
illustrating the continuing decrease in lattice dimension as the smaller 
Mgt" replaces Catt. As the above figures indicate, the magnesite peak 
falls on the opposite side of the dolomite peak from the calcite peak. 
The separation of the calcite and dolomite peaks is of the same order as 
the separation of the magnesite and dolomite peaks. With these condi- 
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tions there would be no line interference due to magnestite and its occur- 
rence could readily be detected. In our work we checked for the presence 


of magnesite whenever a per cent dolomite determination occurs in the 
90-100% range. 

If magnesite does occur in samples and information on its concentra- 
tion is desired, it appears that a further application of the experimental 
techniques described above would readily permit determinations of 
magnesite-dolomite ratios by a procedure identical to that described here 
for the calcite-dolomite ratios. 
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BRANNERITE FROM SAN BERNARDINO 
COUNTY, CALIFORNIA* 


D. F. HEweETT, JEROME STONE, AND Harry LEVINE, 
U.S. Geological Survey, Washington, D.C. 


ABSTRACT 


Brannerite has been found in the San Bernardino Mountains, San Bernardino County, 
California. It occurs typically as lenticular or roughly spherical nodules in a probable Pre- 
cambrian light-gray granite gneiss. The nodules have been found in two distinct modes of 
occurrence. Some lie along the foliation of the gneiss and in several places, for short dis- 
tances, they are concentrated along a definite lamina; others lie in thin, tabular shear zones. 
In general, the smaller nodules (from 1 to 20 grams) are found along the foliation and seem 
to consist entirely of brannerite surrounded by a thin layer of biotite; the larger nodules 
(up to 200 grams) are found in the tabular shear zones and contain brannerite and grains 
of rutile. The larger nodules not only are surrounded by biotite but contain small plates 
and sheaves of that mineral. In the larger nodules it appears that the brannerite has replaced 
the biotite. 


INTRODUCTION 


In January 1955, B. W. Blankenship of Reseda, California, and W. P. 
Sykes of North Hollywood, California, brought to D. F. Hewett speci- 
. mens of a highly radioactive mineral that they had found in prospecting 
for uranium in the low hills along the north slope of the San Bernardino 
Mountains, San Bernardino County, Calif. Blowpipe tests followed by a 
spectroscopic analysis by the Smith-Emery Company of Los Angeles, 
indicated that the principal mineral was brannerite. This determination 
was subsequently confirmed by work in the laboratories of the U. S. 
Geological Survey. 

As the occurrence has many interesting features, Blankenship and 
Sykes have continued to explore the area and it has been visited four 
times by D. F. Hewett. The interpretation of the local geology, nature of 
the rocks, and relations of the minerals to geologic features are based 
upon work by D. F. Hewett. Laboratory work on the minerals has been 
done by Jerome Stone (preparation of materials and microscopic work), 
by George Ashby, Evelyn Cisney, Daphne D. Riska («-ray analyses), by 
Katherine E. Valentine (spectroscopic analyses), and by Harry Levine 
(chemical analyses), all of the U.S. Geological Survey. 


LOCATION AND ACCESSIBILITY 


Brannerite and several other uncommon minerals have been found on 
the steep eastward slope of a ridge that extends generally north from the 
San Bernardino Mountains, the largest and highest range in southern 


* Publication authorized by the Director, U. S. Geological Survey. 
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California. Even though the higher parts of the range, culminating in 
San Gorgonio Peak, 11,485 feet above sea level, are relatively smooth 
surfaces, the northern and southern slopes are trenched by rugged steep 
canyons. The brannerite locality is in one of these canyons, at an alti- 
tude of about 4,000 feet, where it merges into one of the broad basins 
north of the mountains. Projecting the land net into the canyon area, the 
brannerite locality lies near the center of sec. 22, T. 3 IN. Rote San 
Bernardino Meridian. The area lies within the Old Woman quadrangle 


which is the northeast quarter of the San Gorgonio quadrangle. (See 
Fig. 1.) 


LUCERNE 


Lucerne 
Valley 


Woman &%& 
Springs 


10 MILES 


SAN BERNARDINO 


Fic. 1. Index map of Old Woman Springs area, San Bernardino County, California. 


The area is most readily accessible by a road that extends eastward 
from Victorville to Lucerne Valley Post Office, 22.7 miles east of Victor- 
ville, and to the Old Woman spring and ranch which are 15.1 miles east 
of Lucerne Valley. A few hundred feet east of the ranch, the road divides; 
the right fork leads south to Rattlesnake Canyon and the left fork east- 
ward to Yucca Valley. At a point on the left fork or main road, 4.0 miles 
east of Old Woman Ranch, a new dirt road extends southwest 1.3 miles to 
several low hills, beyond which is it impossible for cars with two-wheel 
drive to travel. Cars with four-wheel drive can divert eastward to a wash 
and ascend it southward about 1.45 miles. From there, a rugged trail ex- 
tends eastward about one mile to another wash; the brannerite area is 
about 1,500 feet up the wash. Thus far, all of the brannerite specimens 
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have been found in an area about 100 feet in diameter along the steep 
west slope of the valley. 


LocaL GEOLOGY 


The brannerite area lies within the San Gorgonio quadrangle, the 
geologic features of which were studied during 1915-1917 by Vaughan 
(1922). A part of the San Gorgonio quadrangle, near Blackhawk Canyon, 
was later studied by Woodford and Harris (1928), but the brannerite 
area lies just east of its eastern border. All the rocks of the area here under 
review are included in the ‘“‘undifferentiated schists” of Vaughan, and 
Woodford and Harris. They are regarded as the oldest rocks of the region 
and are probably Precambrian. These “undifferentiated schists” are in- 
truded by the Cactus granite of Vaughan (1922) and other ‘‘plutonic 
rocks,”’ probably Mesozoic in age. 

Field work by D. F. Hewett during recent years indicates that large 
plates and small blocks of foliated schists and gneisses form a belt that 
extends along the north slope of the San Bernardino Mountains from 
Blackhawk Canyon eastward about 20 miles to the Rock Corral area. 
These plates and blocks either abut against or rest upon relatively un- 
foliated intrusive rocks of granitic or monzonitic type. As Woodford and 
‘Harris (1928) have shown, Vaughan’s (1922) Cactus granite of the type 
locality, Cactus Flat, south of Lucerne Valley, is quartz monzonite. 

The most widespread foliated rock of the area, and the host of all 
of the brannerite that has been found thus far, is a light-gray granite 
gneiss with persistent fine texture; it underlies at least 20 acres on the 
north end of the ridge that extends north from the San Bernardino 
Mountains. A fresh specimen collected 50 feet distant from any known 
brannerite shows 50 per cent quartz, 20 per cent orthoclase, 20 per cent 
microcline, 5 per cent sodic plagioclase, 2 per cent biotite, with traces of 
sericite, chlorite, magnetite, zircon, monazite, and xenotime. Most of the 
grains range from 1 mm. to 2 mm. in diameter. Probably most of the 
gneiss of the area contains much more feldspar and less quartz than the 
examined section. The foliation of the gneiss is indicated by thin layers of 
biotite. In detail, the rock shows widespread plication, but in larger 
aspect the trend of the major foliation is northwest and the dip steeply 
northeast. From place to place, there is jointing that also trends north- 
west and dips northeast. 

Most exposures of the gray gneiss exhibit large and small angular 
blocks of an older dark schist, persistently thinly laminated owing to the 
presence of considerable biotite. The areal source of this dark schist is 
not known. 


Several hundred feet south of the brannerite locality, the gray gneiss is 
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intruded by a pale reddish granite gneiss that shows slight but persistent 
foliation. A similar rock forms small lenticular sills in the gray gneiss 
north of the brannerite area. Boulders of a coarse quartz monzonite occur 
in the wash, but this rock does not crop out within half a mile south of 
the brannerite area. 

The presence of persistent foliation in each of the three rock units de- 
scribed above, the biotite schist, gray granite gneiss, and reddish granite 
gneiss, and the general absence of foliation in the Vaughan’s Cactus 
granite of this region, indicate that the local rocks are much older than 
the so-called Cactus granite and probably Precambrian. 

As a result of recent work in the Rock Corral area, about 10 miles 
east of the brannerite area, Moxham, Walker, and Baumgardner (1955) 
recognize two varieties of quartz monzonite. The older variety contains 
abundant coarse tabular crystals of orthoclase in a finer matrix made up 
of oligoclase and calcic andesine, quartz, and biotite with small amounts 
of magnetite, allanite, apatite, muscovite, zircon, and fluorite. The 
younger monzonite is uniformly coarse grained and contains orthoclase, 
andesine, quartz, and minor amounts of biotite, magnetite, chlorite, 
muscovite, zircon, apatite, sphene, and allanite; it is considered the equiv- 
alent of the Cactus granite of Vaughan (1922). 

An analysis of euxenite from the Pomona Tile pegmatite body in the 
so-called Cactus granite near Rock Corral, indicates that the age is 150 
million years, or middle Jurassic (Hewett and Glass, 1953). 

No bodies of rock that would commonly be called “pegmatite” have 
been seen in the brannerite area. At several places in the gray granite 
gneiss, however, there are thin lenses made up of white orthoclase which 
show terminated crystals in open cavities. The largest of these lenses is 
an inch wide and 15 inches long. 

At the brannerite locality there are sparse poorly defined patches with- 
in which the normal feldspathic gray granite gneiss is wholly altered to 
sericite with sufficient chlorite to give it a pale-greenish color. Within 
the altered rock, there are small irregularly shaped masses of granular 
cordierite surrounded by muscovite and phlogopite. The cordierite is 
highly fractured and sericitized; it has not been found in the unaltered 
granite gneiss. Some quartz and traces of sillimanite, biotite, magnetite, 
zircon, and feldspar are present. One thin section of sericitized granite 
gneiss shows a few needles of sillimanite embedded in cordierite. During 
the early months of exploration, brannerite was found only in the 
sericitized gneiss, but as work progressed the mineral was found in un- 
altered gneiss. There seems to be no relation between the occurrence of 
brannerite and the sericitic alteration of the gneiss. 

A little euxenite occurs both as small granular masses within the bran- 
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nerite nodules and as small grains dispersed in the biotite-rich parts of the 
granite gneiss. These masses range from 1 to 4 mm. in greatest dimension, 
are wax-brown, and are made up of many very small grains; no crystals 
have been found. Thus far, the quantity of euxenite seems to be no more 
than several per cent of that of brannerite. Also, at several places within 
the brannerite locality, small masses of granular rutile have been found 
in biotite-rich lenses in the granite gneiss; the color is reddish brown, 
about that of much almandite garnet. 


BRANNERITE 


Occurrence. Thus far, all the brannerite recovered forms lenticular or 
roughly spherical nodules in the gray granite gneiss. The largest nodule 
is nearly 2 by 2 inches and weighs about 200 grams; most of the nodules 
range from one-half to 1 inch in largest diameter and weigh from 5 to 50 
grams. The owners estimate that after six months of intermittent explora- 
tion about 25 pounds of nodules have been recovered. 

Nodules have been found in two distinct modes of occurrence. Some lie 
along the foliation of the gneiss and in several places, for short distances, 
they are concentrated along a definite lamina; others lie in thin tabular 
shear zones filled with biotite or chlorite that definitely cut across the 
‘foliation. Most of the nodules found along the foliation planes are em- 
bedded in the feldspathic gneiss and are surrounded by a thin layer 
of biotite; most of these nodules range in weight from 1 to 20 grams. The 
nodules found in the discordant shear zones are embedded in larger 
nodules of fresh or altered biotite; most of these range in weight from 20 
to 50 grams, but a few weigh from 100 to 200 grams. 

In general, the smaller nodules seem to be wholly brannerite; the larger 
nodules found in the shear zones contain grains of rutile as large as grains 
of rice. The larger nodules not only are surrounded by biotite but contain 
small plates and sheaves of that mineral; in these, it appears that the 
brannerite has replaced the biotite. A polished section (Fig. 2) of a large 
nodule of brannerite reveals that the brannerite is surrounded and 
transected by biotite. Sodic plagioclase and rutile are present in some of 
the nodules of brannerite. The sodic plagioclase is present as (1) large 
anhedral crystals which are transected by biotite and (2) as small crystals 
intimately associated with biotite, which fills the numerous fractures in 
brannerite and rutile. The rutile is present as roughly ellipsoidal crystal- 
line masses and as very small crystals within the brannerite. A thin sec- 
tion reveals that the partings of the large crystals of plagioclase are filled 
with sericite. The smaller crystals of plagioclase are in places almost 
completely sericitized. ; 


Physical Properties. Examined by reflected light, polished sections of 
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the nodules show that the brannerite ranges in color from black nearly 
metallic to dark yellowish brown; examined by transmitted light, finely 
crushed brannerite is transparent and ranges from pale brown to pale 
green. All specimens have a conchoidal fracture and a hardness of oF 
The physical properties and chemical analysis recorded below are those 


Fic. 2. Polished section of brannerite nodule. Rutile (R) and sodic plagioclase (P) are 
present as inclusions in the brannerite (Br). Biotite (B) surrounds and transects brannerite. 
The numerous fractures are filled with biotite and plagioclase. Photograph by U. S. Geo- 
logical Survey. 


of one of the largest nodules thus far found. It weighs about 125 grams 
and is nearly black by reflected light. Figure 2 shows a photograph of a 
highly polished section of this nodule. In order to determine any appreci- 
able differences in composition of brown and black nodules, spectro- 
graphic analyses were made as follows: 


Nodule, black by re- Nodule, brown by re- 


Per cent 


flected light flected light 
Over 10 —Ti —Ti 
5-10 —U —U, Th 
1-5 —Th, Y —Si, Fe 
0.5-1.0 —Fe, Si, Mg —Ca, Y, Nb 
0.1-0.5 —Ca, Yb, Lu —Gd, Al, Mn, Mg 


The brannerite is isotropic, 


metamict, and has an index of refraction 
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that ranges from 2.2 to 2.3. After heating the material for one hour at 
900° C. in air, a pattern which matched that of brannerite was produced. 
By using a Frantz isodynamic separator at vertical and horizontal setting 
at 11°, brannerite is concentrated in the magnetic fraction at 0.5 ampere. 

Chemical analysis. A chemical analysis of brannerite is shown in Table 
1. A small part of the iron oxide, magnesia, alumina and silica in this 


TaBLeE 1. CHEMICAL ANALYSES, IN PER CENT, OF BRANNERITE 
FROM CALIFORNIA AND IDAHO 


San Bernardino Custer County, Mono County, 
County, Calif.t Idaho? Calif.3 

TiOz 39.60 39. 32.9 

UO; 26.74 3385 o2n0 

UOz Trace 10.3 8.2 

ThOs 9.15 4.1 S00 ae 

RE,O;4 9.75 3.9 6.5 

FeO 1.28 Trace 2.4 

Fe:03 Di 73 = 7 

CaO 2.70 2.9 2.8 

MgO 0.82 — — (Mn, Mg)=0.X 

PbO hos — = 

SiO: Deo 0.6 0.5 

Al2O3 1.24 — = 

H,0~ oe ae Bie 

HOt 2235 , 

Total 100.41 96.3 


Specific gravity 4.76 5.42 5.43 


1 Analysis by Harry Levine, U. S. Geological Survey. 

2 Hess and Wells (1920), analysis by R. C. Wells. 

3 Analysis by J. J. Rowe (Pabst, 1954). The total R2O; was determined as 92.3 per cent. 
The difference between 87.0 and 92.3 in R203; is stated as being probably due to Pb, Nb, 
Ni, Bi, Zr, Ta which were found by spectrographic analysis. 

4 REO; is the total of the rare-earth oxides. 


analysis may be due to contamination by biotite. Although an w-ray 
diffraction pattern did not reveal any biotite in the brannerite, an electron 
micrograph of a grain of brannerite did reveal the presence of biotite. 
Rutile probably consituted about 1—2 per cent of the brannerite in 
the analysis, as estimated by x-ray diffractometer studies made by George 
Ashby of the U. S. Geological Survey. The estimate was made by adding 
a weighed amount of rutile to the metamict brannerite and measuring the 
change in intensity of a rutile line. UO: is not present in the sample. It 
seems that any UO, that may have been present has been oxidized by 
Fe2O3 to UO;. Also in Table 1 are two previous analyses of brannerite 
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reported by Hess and Wells (1920) and Pabst (1954) that show the pres- 
ence of UO:=10.3 per cent, FeOQ=Trace; and UO.=8.2 per cent, 
FeO= 2.4 per cent, respectively. 

In addition, a semiquantitative spectrographic analysis by Katherine 
E. Valentine of the U. S. Geological Survey shows the following constitu- 
ents not determined in the chemical analysis: 


Per cent 
0.01-0.05 Mn B Nb 
0.005-0.01 Ba Zr 
0.0005-0.001 Cr 
0.0001-0 .0005 Ag Be 
The individual rare-earth metals are as follows: 
Per cent 
1-5 We 
0.05-0.1 Yb Gd Er Dy 
0.01-0.05 Lu Tm Ce 
0.005-0.01 Ho La 


PARAGENESIS 


Branrerite and biotite are in very close association. Biotite commonly 
surrounds the brannerite in nodules, transects the brannerite, and is 
found within brannerite as macroscopic, microscopic, and submicro- 
scopic crystals. Electron micrographs made by Malcolm Ross of the U. S. 
Geological Surve y show that even an apparently homogeneous fragment 
of brannerite contains crystals of biotite. 

This suggests that the biotite crystallized first and brannerite followed, 
possibly as a replacement. 

However, since biotite also cuts across the brannerite and fills many 
of the fractures in brannerite, a second generation of biotite is indicated. 
Rutile is present as submicroscopic and macroscopic crystals in the 
brannerite and probably represents an exces: of titania in the brannerite 
solutions. 


MOopES OF OCCURRENCE OF BRANNERITE 


Where it was first discovered in Kelly Gulch, Custer County, Idaho, 
brannerite formed grains in alluvial sands and the source has not been 
determined (Hess and Wells, 1920). Brannerite from the Deans mine, 
along Walker River, Mono County, Calif., formed ‘lustrous, black 
crystals firmly embedded in quartz” from a quartz vein (Pabst, 1954). 
According to Bateman (1955), brannerite and pitchblende “‘form discrete 
mineral particles . . . rarely seen by the naked eye” in the matrix between 
the quartz pebbles that form a bed of conglomerate near the base of the 
Huronian in the Blind River area, Ontario. 

In contrast with these occurrences, the brannerite from the aorth 
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slope of the San Bernardino Mountains, San Bernardino County, Calif., 
forms lenticular nodules from one-half to 2 inches in largest dimension 
that are (1) dispersed along the foliation of a Precambrian(?) granite 
gneiss and (2) lie along thin zones of biotite that cut across the foliation. 
It would seem that the brannerite from San Bernardino County has 
formed at great depth under conditions of high pressure and temperature. 
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THE THERMAL EXPANSIONS OF THORIA, PERICLASE 
AND DIAMOND* 


BRIAN J. SKINNER, Harvard University, Cambridge, M assachusetts.+ 


ABSTRACT 


A central mount, back reflection, x-ray powder camera was designed for measuring 
thermal expansions. The camera is 16 cms. in diameter, has a temperature range from 0° 
to 1000° C., is inexpensive to construct and is simple to operate. 

The linear (aq) and volume (ay) thermal expansion coefficients of ThO: are w_=0.6216 
X10%°+3.541 X10" T—0.1125T and a,=1.865 X 10>+10.96 X10-°T —0.3375T-2 where 
T is the temperature in degrees Kelvin from 298° to 1073° K. For periclase, the coefficients 
are ay=1.411X10%+41.210X10-°7T—0.5854T2 and a,=4.232X10%+3.63010°T 
—1.756T~, from 298° to 973° K. For commercial diamond dust the coefficients are a» 
=0.07667 X10*+3.672 X10-°T —0.0903T and a,=0.2301 X 10-+-11.01 X 10-9T — 0.2708 
T™, and for a single crystal of South West African diamond, aa=0.09613 X10%+3.522 
X10°T—0.0888T~ and a,=0.2884X 10+ 10.57 X 10-°T —0.2665T 2 from 298° to 973° 
K. 

The measured expansions of periclase and diamond are slightly lower than previous 
measurements made on macroscopic single crystals. The thermal expansion of thoria has 
not been measured previously. 

The unit cell size (a9) and molar volume (V,,) at 298.16° K. and 1 atmosphere are, for 
thoria, ¢9=5.59525+0.0001 A and V,,=26.378+0.005 cc./mole; for periclase, @o=4.2117 
+0.0002 A and V,=11.250+0.007 cc./mole; for diamond, a>=3.56688 +0.00009 A and 
Vn =3.4168 + 0.0001 cc./mole. 


INSTRUMENTATION 


A new high-temperature x-ray powder camera has been designed 
specifically to measure the thermal expansions of minerals from 20° to 
1000° C. The camera is a central-mount camera, but only those reflec- 
tions with Bragg angles greater than 45° are recorded. Diagrams of 
the camera and its component parts (Figs. 1, 2, 3), are largely self- 
explanatory. 

Essentially the camera consists of a heavy brass plate 20 cms. in diam- 
eter with machined recesses to seat the removable film cartridge and the 
film housing. The brass film cartidge (a) has an internal diameter of 16 
cms. (film diameter). The cartridge has a ¢ inch slot (f) machined in the 
front surface to allow the passage of the diffracted x-ray beams. When in 
operation the slot is covered with masking paper to make the cartridge 
light-tight. The top of the film cartridge is sealed by a removable light- 
tight lid (d). Vertical knife edges (6), 0.001 inch wide, are attached to the 
bottom of the film cartridge at approximately @=51.141°, where 6 is the 
effective Bragg angle of the knife edges. 


* Contribution from the Department of Mineralogy and Petrography, Harvard Uni- 


versity, No. 370. 
+ Present Address: Department of Geology, University of Adelaide, South Australia. 
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Key To CAMERA Parts 
(a) Brass film housing. 
(6) Knife edges. 
(c) Spring to hold film tight against seating. 
(d) Removable, light-tight lid. 
(e) Clamps to hold film cartridge steady. 
(f) Slot in cartridge wall covered with black paper. 
(g) Positioning bar for slit system. 
(h) Base plate. 
(z) Adjustable legs. 
(j) Recess for furnace. 
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(k) Vanes for circulating cooling water. 

(1) Water inlet. 
(m) Water outlet. 

(x) Thermocouple and mechanism for rotating thermocouple around specimen. 
(0) Specimen support and specimen. 

(p) X-ray inlet, and exit for diffracted rays. 

(q) Exit for undiffracted +-ray beam. 

(r) Furnace windings, supported on alundum core. 

(s) Furnace leads. 

(t) Jacket soldered over water-circulating vanes. 

(u) Support for centering system. 

(v) Centering system. 
(w) Drive wheel for rotating specimen in furnace. 

(x) Main support plate for collimating slit, with three positioning screws. 
(y) Plate with slit of desired size machined in it. 

(z) Film seat. 
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The specimen under study is mounted in a silica glass capillary tube, 
approximately 0.2 mm. in diameter, and is then cemented in a 0.25 mm. 
hole in the top of a @ inch stainless steel rod (0), Fig. 3. The steel speci- 
men support is clamped into the centering system (v). 

The collimating slit is milled in a brass strip (y), screwed to the sup- 
porting plate («). The dimensions of the collimating slit can be adjusted 
for each substance studied, until suitable line quality with minimal ex- 
posure time is obtained. 

The furnace has an internal diameter of 0.25 inch and a length of 1 
inch. The furnace windings (r) are nichrome ribbon 0.0156X0.005 
inch, supported on an alundum core, and held in place with ceramic 
cement. Over the furnace core and windings another alundum tube has 
been fitted, providing some thermal insulation for the furnace. The outer 
alundum tube fits snugly into the furnace housing and rests directly 
against the inner wall of the cooling jacket. Since the region 90° < 26 
<180°* is recorded on the film, it is not necessary to have an opening all 
the way around the furnace for the escape of the diffracted beams. A slot, 
185° around the circumference from 20 equals 87.5° to 180° on either side 
of the primary beam, allows the entrance of the primary x-ray beam and 
the exit of the diffracted beams. A small circular hole opposite the colli- 
mating slit allows the exit of the undiffracted x-ray beam. 

The housing is machined from a single piece of stainless steel stock. 
Like the furnace, the housing has a 185° slot (p) cut in it, with a small 
exit port (qg). In operation the slot is covered with masking paper, so that 
there is no contact with the circulating air outside. The water circulating 
vanes (k) are sealed externally by a stainless steel jacket (¢). Water is 
circulated under a pressure of 5 lbs./sq. inch though higher or lower pres- 
sures may be used if desired. 

The temperature is measured by reading the emf developed in a 
platinum, platinum-10% rhodium thermocouple (7), contained in a 
4 inch silica glass tube. The thermocouple can be raised or lowered and 
rotated around the specimen, allowing the detection of any temperature 
inhomogeneities in the furnace. In operation the thermocouple is placed 
2, inch from the specimen in the plane of the incident «-ray beam. Read- 
ings are taken at 60° intervals around the specimen. 

The temperature of the furnace is controlled with a variable trans- 
former on the output of a constant voltage transformer. With the furnace 
insulated from external air currents and the cooling water maintaining 
a constant flow, the temperature is held constant to +1° C. at 400° C. for 
48 hour test periods. 6 

The knife edges can be located by using any isometric or uniaxial sub- 


3G is the Bragg angle. 
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stance whose lattice parameters are accurately known. In the present case, 
the knife edges were located with an accurately measured quartz sample, 
after the method of Bradley and Jay (1933). 


MeEtTHOD OF MEASUREMENT AND COMPUTATION 


In determining thermal expansion the precision of measurement is 
more important than the absolute accuracy. A constant error in the 
accuracy of each point, expressed as a percentage, will tend to cancel out 
in the computation of the thermal expansion coefficient. 

All fims were measured on a Hilger and Watts Film Measuring Rule 
#185, ruled to 1.000+0.001 mm., and fitted with a sliding vernier ruled 
to 0.050+0.001 mm. Individual measurements could be estimated to 
0.02 mm. by interpolation. The x-ray wavelengths used in all calcula- 
tions were those recommended by Bragg (1947). The stated precisions 
of measurements in this paper are the standard deviations. 

Measurements of the cell size were made at different temperatures, 
and from these values both the linear and volume expansions determined. 
The molar volumes at different temperatures were computed directly 
from the measured values of a using the formula, 


_ (4)8N 
i x 


where 


a is the unit cell edge length in cms. 

N _ is.Avogadro’s number (equal to (6.02338 + 0.00043) X 1073 mole) 
x is the number of formula units in the unit cell 

Vm is the molar volume 


Standard values of the unit cell size and the molar volumes at 298.16° 
K (25° C.) and 1 atmosphere pressure were determined by making several 
measurements at this temperature. These values have been called a, and 
Vms respectively. The variation in the coefficients of thermal expansion 
with temperature have been expressed by functions of the form 


1 0a 
aa -—(2) =b+cT +dT~ 
as Pp 


oT 
and 
y= — (=) => f iP BE 
Vi Nar Jo= Lt Gul), = ay 
where 


Qq and a, are the linear and volume coefficients of thermal expansion respectively, 


a; and Vs are the unit cell size and molar volume at 298.16° K and 1 atmosphere 
respectively, 


T is the temperature in degrees Kelvin, 
b, c, d, and bi, ci, di, are constants of the equations. 
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If the equations above are integrated, we get functions of the form 


ao — as 
= oT +4cT? —dI 41 


s 
where 
ay is the unit cell size at temperature T° K 


J is the constant of integration. 


Since the integrated form is sometimes more useful than the differential 
form, all the constants 8, c, d, and J have been given in Table 8. 


EXPERIMENTAL DATA 
THORIA 


The sample used in the present study was the one used by Frondel 
(1955) in his accurate determination of the cell size. A spectrographic 
analysis by the United States Geological Survey showed Si and Mg to be 
the major impurities (Table 1). The Si and Mg may or may not be dis- 


TABLE 1. SPECTROGRAPHIC ANALYSIS OF ThO: SAMPLE 


over 10% Th 

5 —10% = 

1 -5% = 
0.5 -—-1% = 
0.1 0.5% Si, Mg 
0.05 -0.1% = 
0.01 0.05% Fe, B, Al 
0.005 -0.01% = 
0.001 -0.005% Sc, Cu 
0.0005-0 .0001% = 
0.0001-0.0005% Be 


solved in the ThOs. If all the impurities present were dissolved in the 
ThOz it is doubtful if they would alter the physical properties sig- 
nificantly. 

Previous accurate measurements of the lattice parameter of thoria 
are limited to Frondel (1955) and Hund and Niessen (1952). Frondel’s 
value of 5.58415+0.00005 kX at 31.6° reduces to 5.59520 + 0.00005 A 
at 25° C. Hund and Niessen’s value of 5.59530 A was determined at an 
unknown ‘room temperature.’ The value obtained in the present study is 
5.59525+0.0001 A, and this was selected as the standard value of do 
at 298.16° K. Table 2 shows the unit cell size and molar volume at the 
various temperatures of measurement. The parameters of the various 
functions derived from the data in Table 2 are shown in Table 8. 
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TABLE 2. THORIA 


Unit cell edge (ao) and molar volume (V»,) at different temperatures 


° 


Temp. °C. a A Vm cc./mole 

8.5 5.59475 26.3707 
25.0 5.59525 26.3780 
33.0 5.59557 26.3823 
34.1 5.59561 26.3830 
103.1 5.59812 26.4184 
162.0 5.60040 26.4507 
Dy eo 5.60424 26.5052 
343.1 5.60802 26.5588 
398.2 5.61069 26.5968 
403.0 5.61069 26.5968 
404.2 5.61090 26.5998 
421.3 5.61189 26.6139 
446.0 5.61288 26.6279 
495.9 5.61542 26.6641 
593.9 5.62044 26-130M 
700.0 5.62589 26.8136 
787 .2 5.63050 26.8795 


Best values 


dy at 298.16° K.=5.59525+0.0001 A 

Vm at 298.16° K.=26.378+0.005 cc./mole 
p at 298.16° K.=10.013+0.001 gm./cc. 

Og at 298.16° K.= 6.001076 

ay at 298.16° K.=18.110-8 


PERICLASE 


The sample of periclase was a colorless single crystal prepared syn- 
thetically by the Norton Company. Similar material from the Norton 
Company was studied by Austin (1931) using the interferometer method 
and by White (1938) using a mechanical dilatometer. In a recent series 
of measurements Sharma (1950) measured the linear expansion of peri- 
clase by the interferometer method. The measurements of Austin and 
White show a reasonable agreement, though Austin’s measurements are 
more refined than White’s. Sharma’s results are in distinct variance with 
both Austin and White and to the present study. 

Previous accurate measurements of the lattice parameter of periclase 
are limited to Wyckoff (1925) and Jay and Andrews (1945). Wyckoff 
determined the lattice parameter at an unspecified room temperature as 
4.203 kX (4.2115; A). Jay and Andrews also made their measurements at 
an unspecified room temperature. Their value of 4.200 kX (4.209 A) is 
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somewhat lower than Wyckoff’s value and the present measurement. The 
best value of ao at 298.16° K. has been selected from the present measure- 
ments as 4.2117 + 0.0002 A. The measured values of the lattice parameter 
and calculated values of the molar volume at various temperatures are 
shown in Table 3. The parameters of the various functions derived from 
the data in Table 3 are given in Table 8. 


TABLE 3. PERICLASE 


Unit cell edge (ao) and molar volume (V,,) at different temperatures 


° 


Temp. °C. ao A Vn cc./mole 
10.5 4.21130 11.2466 
21.0 4.21160 11.2492 
25.0 4.21168 11.2498 
46.5 4.21243 11.2558 
76.5 4.21360 11.2652 

131.0 4.21595 11.2841 
22925 4.22090 11", 3239 
320.6 4.22576 11.3630 
404.2 4.23047 11.4011 
512.0 4.23679 11.4523 
601.8 4.24195 11.4942 
703.1 4.24812 11.5444 


Best values 


do at 298.16° K.= 4.2117+0.0002 A 

Vim at 298.16° K.=11.250+0.007 cc./mole 
p at 298.16° K.= 3.593+0.002 gm./ce. 

Qa at 298.16° K.= 7.88X10-% 

ay at 298.16° K.=23.6X10* 


Austin’s measurements are the most accurate of the previous data. 
The present work gives slightly lower values than Austin’s over most of 
the temperature range studied (Fig. 4). The curves are sensibly parallel 
above 423° K. (150° C.) with Austin’s values about 3% higher than those 
of the present work. From 273° to 423° K. the two curves do not have 
any correspondence. Austin’s curve falls away very sharply compared to 
the more regular decrease found in the present study. The reason for the 
sudden decrease in Austin’s values is not known, but it is believed to be 
incorrect. The measurements by White have a larger scatter than 
Austin’s, but a curve computed from the data falls between Austin’s 
data and the curve determined in this study (Fig. 4). 

Sharma’s measurements are at variance with all the other measure- 
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ments. Except for the region below 373° K. his values are not in serious 
numerical disagreement. The questionable feature of Sharma’s work is 
the shape of his curve. Sharma found that a positive parabolic function 
was the one best fitting his data. The other three studies all indicate a 
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curve which tends toflatten out at high temperatures and decrease rapidly 
at low temperatures. Theory predicts a curve of this general shape. It is 
felt that Sharma’s work must contain some unexplained instrumental 
errors. 

DIAMOND 


A number of investigators have previously determined the unit cell 
size of diamond. Though a considerable range in values exists, it is 
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doubtful if the range is due as much to compositional variation, as sug- 
gested by Lonsdale (1947), as to experimental errors in the different 
methods of measurement. In general, the diamonds studied have not been 
analyzed, and where analyses have been made they must be taken with 
caution, since investigators generally do not state whether the impurities 
are present as inclusions or in solid solution. Present knowledge does not 
support the thesis of compositional variation sufficiently well to explain 
all variations in the cell size. 

In Table 4 all known determinations of the cell size have been gathered. 


TasLe 4, THE LATTICE PARAMETER OF DraMonD AT 25° C. as DETERMINED BY 
DIFFERENT INVESTIGATORS Usinc X-Ray METHODS 


Cell size a A Method used Investigator 
3.56693+0.001* Single crystal Ehrenberg (i926) 
3.56698+0.00005 Single crystal Tu (1932) 
3.56688+0.00005 Single crystal Tu (1932) 
3.56673+0.0001 Single crystal Renninger (1937) 
3.56676+0.0001 Single crystal Trzewatowski (1937) 
3.56687 +0.000i Powder method on commercial dia- Riley (1944) 

mond dust 

3.56726+0.00005 Single crystal divergent beam Lonsdale (1947) 
3.56710+0.00005 Single crystal divergent beam Lonsdale (1947) 
3.56684+0.00005 Single crystal divergent beam Lonsdale (1947) 
3.56668+0.0001 Single crystal divergent beam Lonsdale (1947) 

3.56689 +0.00003 Powder, gray bort. Straumanis and Aka (1951) 
3.56681 +0.00002 Powder, average of three samples Straumanis and Aka (1951) 
3.56680+0.0001 Powder, commercial diamond dust Skinner (1954) 
3.56685+0.0001 Powder, from a single crystal Skinner (1954) 


* Precision stated by each investigator. 


The measurements have all been reduced to 25° C., and where the work 
was stated in the old kX units the figures have been changed to Ang- 
strom units by applying the conversion factor of 1.00202 recommended 
by Bragg (1947). The average of all determinations, excluding those 
of the present work, is 3.56688 A. This value is obtained by giving 
Straumanis and Aka’s value of 3.56681 a weighting of three, since it is the 
average of numerous measurements on each of three samples. If the two 
values of the present determinations are included, the average is un- 
changed. It is felt that the best value for the unit cell size of diamond at 
298.16° K. is 3.56688 +0.00009 A. Using this value, the molar volume of 
diamond at 298.16° K. is 3.41677+0.0001 cc./mole, and the density is 
3.5150+0.001 gm./cc., using Wichers’ (1952) value of 12.010 for, the 
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atomic weight of carbon. It is felt that the measurements of Lonsdale are 
given to a greater precision than her method warrants. Her values show 
the largest spread and include the two highest and the lowest values. It 
is probable that instrumental errors can account for the large variation 
in cell size observed by Lonsdale. 

The sample of diamond dust used in the present study was a com- 
mercial grade with a grain size less than 1.0 micron. It was comprised of 
chips from a great many diamonds and is the finest fraction obtained 
from the crushing of many thousands of diamonds from many localities. 
If the cell size varies with composition, a sample of such a dust containing 
grains of many different compositions should show a range of cell sizes 
and the measured cell size should be the average of all the diamonds in 
the sample. In fact, the measured cell size of diamond dust agrees very 
closely with the average cell size obtained from all the values reported for 
single crystal measurements. The only previous measurement of the cell 
size of commercial diamond dust was that of Riley (1944) and his value 
of 3.56687 + 0.0001 A agrees very well with the combined average of all 
the single crystal measurements. 

The second diamond studied in the present work was a single colorless 
fragment from South West Africa. Five independent spectographic 
analyses of a portion of the sample (Table 5), by Dr. W. H. Dennen of 
the Massachusetts Institute of Technology showed it to be exceptionally 
pure. The only comment by the analyst on the results was that the spotty 
distribution of impurity content was probably due in part to variations 
in arcing contents but is in part inherent in the sample. While the major 
impurity is silicon it is probable that it is present partly as inclusions in the 
diamond, perhaps in olivine or pyroxene, which might account for the 
spotty distribution. 

The thermal expansions of the two samples studied differ by as much 
as 10% (Fig. 6). The commercial diamond dust has the lower thermal 


TABLE 5. SPECTROGRAPHIC ANALYSIS OF SOUTH WEST AFRICAN DIAMOND SAMPLE 
Range scanned 2,500-10,000 A 


Impurities in ppm. 


Plate No. 
Mg Si Fe Al Cu Ca 
1 2 20 1 10 <1 2 
2 1 10 1 <10 <1 4 
3 15 40 2 <10 <a <0.5 
1 4 <10 <0.5 <10 <i <0.5 
5 2 150 5 <10 <<a =<055 
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DIAMOND 
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expansion. At 298.16° K. the molar volumes of the two samples are 
practically the same and differ by only 0.005%. At 937° K. the molar 
volume of the South West African diamond is 0.02% larger than the 
molar volume of the commercial diamond dust (Fig. 5). To assure that 
experimental errors were not causing the variation in the observed ther- 
mal expansions, each sample was separately studied twice. In each case, 
new specimen mounts were prepared and the thermocouple system re- 
checked. The curves were completely reversible and reproducible. 

The measured values of the unit cell size and the computed values of 
the molar volumes at different temperatures for the two diamond 
samples are recorded in Tables 6 and 7. The parameters of the various 


TABLE 6. ComMERCIAL DiAmonpD Dust 
Unit cell edge ao, and molar volume V,,, at different temperatures 


Temperature °C, ayo A Vin cc./mole 
PAN 3.56679 3.41651 
25.0 3.56680 3.41654 
87.2 3.56704 3.41723 

WS 2! 3.56745 3.41841 
233i 3.56802 3.42005 
308.5 3.56844 3.42183 
Sila 3.56934 3.42384 
453.0 3.57019 3.42629 
SSeS 3.57096 3.42851 
584.5 3.57187 3.43113 
657.7 3.57291 3.34413 
729.2 3.57401 3.43730 


functions derived from the data in Tables 6 and 7 are given in Table 8. 

Several investigators have previously determined the thermal expan- 
sion of diamond. The only study comparable to the present one was that 
of Krishnan (1946). Krishnan used a single-crystal x-ray method, and 
measured the expansion of the crystal lattice rather than the expansion 
of the macroscopic crystal, which is the usual objection to single-crystal 
measurements. Fizeau (1869) studied the expansion from 0° to 100° C. 
by the interferometer method. Straumanis and Aka (1951) report an 
“average” coefficient of linear expansion for the temperature range 10° 
to 50° C. Their method of handling their data is open to some question, 
but it gives an estimate of the coefficient at 30° C., as ag=(1.38+0.12) 
M10 

The coefficient of linear expansion at 25° C. computed from the data 
of Fizeau is 0.96X10~-°. The values obtained in the present work are 
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TABLE 7. DIAMOND FROM SouTH WEsT AFRICA 


Unit cell edge ap and molar volume V,, at different temperatures 


Temperature °C. ao A Vm cc./mole 
a ee ee 
16.7 3.56683 3.41662 
25.0 3.56685 3.41668 
62.0 3.56700 3.41712 
136.8 3.56741 3.41829 
209.0 3.56793 3.41979 
263.0 3.56839 3.42111 
302.1 3.56874 3.42220 
378.3 3.56954 3.42442 
457.8 3.57047 3.42709 
$14.3 3.57118 3.42914 
589.1 3.57219 3.43205 
670.8 3.57335 3.43539 
Best values 


dp at 298.16° K.=3.56688+0.00009 A 

Vin at 298.16° K=3.4168+0.0001 cc./mole 
p at 298.16° K.=3.5150+0.001 gm./cc. 

aq at 298.16° K.=1.06X 10-6 

ay at 298.16° K=2.97X10% 


TABLE 8. PARAMETERS OF FUNCTIONS GIVING THE LINEAR AND VOLUME COEFFICIENTS 
OF THERMAL EXPANSION 


Bini. Parameters a Temp. 
Substance ti ES Sah ee ge I ae er range 
ae b ¢ d I Y 298° K to 
10s = <10>° 10s 
Thoria Qy 1.865 10.96 —0.3375 — 7.176 Ono Ge LOB ee 


Qa 0.6216 3.541 —0.1125 — 2.387 0.2% 1073° K. 


Periclase A» 4.232 3.630 —1.756 —18.66 0.5% 973° K. 
Qa 1.411 1.210 —0.5854 — 6.222 NY VBI 


Commercial di- a 0.2301 11.01 —0.2708 2.083 relysy MGI LS 
amond dust Qa 0.07667 3.672 —0.0903 — 0.6947 0.3% 973°K. 


South West Qy 0.2884 10.57 —0.2665 — 2.223 0.3%. 9732 KG 
African dia- Qa MOOGIS st 22 —— 0. 0888s 9 057409) 702395) 973" K. 
mond 


ree eer 
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1.01110-® for the South West African diamond and 0.844X10~° for 
the commercial diamond dust. The coefficient at 25° C. computed from 
Krishnan’s data is 1.131076. It is desirable to decide on an average 
value of the coefficient of linear thermal expansion for use in reducing 
accurate measurements of the lattice parameter of diamond to a common 
temperature for comparison. If all the values quoted above are averaged 
a figure of 1.06X10~® is obtained, and it is felt that this is the best esti- 
mate of the linear coefficient at 25° C. The thermal expansion of the 
commercial diamond dust may conceivably be more nearly the ‘“average”’ 
expansion of diamond than the value given above, but this suggestion 
must await further work. 
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GINORITE AND SASSOLITE FROM DEATH VALLEY, 
CALIFORNIA* 


Rozpert D. Atten,t U. S. Geological Survey, Claremont, California 
AND Henry Kramer,t U.S. Geological Survey, Washington, D.C. 


ABSTRACT 


Ginorite, 2CaO-7B.0;:8H2O, and sassolite, B2O;-3H20, have been found closely 
associated in efflorescent masses in colemanite-veined basalt near the head of Twenty 
Mule Team Canyon, Death Valley. 

The ginorite is in rhomb-shaped plates, less than 0.02 mm. in diameter, with acute 
angle about 79° and the following indices of refraction: ay 1.520 (parallel to short diagonal) 
Yna 1.580 (parallel to long diagonal). Pycnometric specific gravity is 2.07. Chemical analy- 
sis, ginorite, B20; 65.21 (per cent), CaO 14.56, SrO 1.10, H2O 19.13; sassolite, B20; 57.19, 
HO 42.81. The strongest lines of an x-ray diffractometer pattern of ginorite are as follows: 
7.10 A 10; 5.36 A 3; 3.27 A 2; 3,18 A 2; 2.08 A 2. 

Sassolate is in pearly plates, usually less than 1 mm. in diameter, with the following 
optical properties: aya 1.340; Bna 1.457; ya 1.459; 2Veate 14°; wavy extinction. The strongest 
lines of an x-ray diffractometer pattern are as follows: 3.18 A 10; 6.03 A 1; 1.590 A 1. 


INTRODUCTION 


Ginorite, 2CaO-7B203:8H,2O, and sassolite, BgO;:3H2O, occur together 
in the Death Valley area, California. This is the third reported occurrence 
of ginorite in the world and the first reported occurrence of sassolite in 
the Death Valley area. 


OccURRENCE 


These two boron minerals were collected by James F. McAllister of the 
U.S. Geological Survey in October 1954 at the Mott open-cut colemanite 
prospect in a minor tributary to Furnace Creek Wash near the head of 
Twenty Mule Team Canyon, northwest of and downstream from the 
Corkscrew diversion channel in SWi sec. 9, T. 26 N., R. 2 E., San 
Bernardino base and meridian, Inyo County, California. The ginorite 
and sassolite are closely associated, both minerals occurring in soft, white 
to pale yellowish brown efflorescent masses in weathered basalt within 
50 cm. of the surface; the underlying altered basalt contains veins of 
colemanite and is associated with colemanite-bearing limestone. 

The ginorite occurs in white pellets which average about 1 to 2 mm. in 
diameter and are embedded in a pale yellowish brown matrix of sassolite 
and clay. In this matrix pearly sassolite plates as much as 1 mm. in di- 
ameter are present. An unidentified mineral, present in very minor 


* Publication authorized by the Director, U. S. Geological Survey. 


} Present address: Jet Propulsion Laboratory, California Institute of Technology, 
Pasadena, California. 


{ Present address: Pyrotechnics Laboratory, Samuel Feltman Ammunition Laborator- 
ies, Picatinny Arsenal, Dover, New Jersey. 
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amount, was observed under the microscope by W. T. Schaller, U. S. 
Geological Survey; it has the following optical characteristics: a about 
1.465; y about 1.505; uniaxial (or biaxial with very small 2V) negative; 
six-sided plates with parallel (or nearly parallel) extinction. Minute 
grains of celestite and of quartz are sporadically distributed in the 
efflorescence. 

Ginorite was first found in the Clinton Quarry (inaccessible in 1948— 
private communication from W. T. Schaller), Windsor, Nova Scotia, 
Canada, associated with mirabilite along the gypsum-anhydrite contact 
and described by How (1861) under the name cryptomorphite. Its identity 
with the better described hydrous calcium borate named ginorite, occur- 
ring with calcite in veins in sandstone at Sasso Pisano, Tuscany, Italy 
(D’Achiardi, 1934), was determined by Hey and Bannister (1952) who 
suggested that the name ginorite be used. 

No American occurrence of sassolite is listed in the seventh edition of 
Dana’s System of Mineralogy (Palache, Berman, and Frondel, 1944). 


GINORITE 
Optical Properties 

At all three occurrences the ginorite is in minute rhomb-shaped 
plates. Those from the Death Valley area are nearly equilateral and 
range in diameter between 0.001 and 0.020 mm. The acute angle of the 
rhombs is about 79°, the average of 30 measurements, ranging from 75° 
to 83°. The rhombs, whose extinction directions are approximately 
parallel to their diagonals, show positive elongation. The indices of re- 
fraction for sodium light are: a(parallel to short diagonal) = 1.520+ 0.003; 
y(parallel to long diagonal) = 1.580+0.003. Similar indices of refraction 
are reported for ginorite from the other two localities. 

D’Achiardi (1934) gives for Tuscany ginorite: a=1.517; B=1.524 
(calc.); y=1.577; 2V =42°; positive; extinction angle, a to elongation of 
the ‘lozenges,’ 51°; acute angle of lozenges, 78° to 80°. The lozenges are 
thought to be monoclinic plates parallel to {010}. Hey and Bannister 
(1952) report similar optical properties for ginorite from Nova Scotia 
and Tuscany: m=about 1.526; mg=about 1.579; rhombic plates with 
acute angle 77° (Tuscany) to 79° (Nova Scotia); positive elongation; 

extinction directions parallel to rhomb diagonals. Hey and Bannister 
| suggest that the symmetry of ginorite may be orthorhombic rather than 
monoclinic as proposed by D’Achiardi. 


Chemical Composition 


The water insoluble ginorite from the Death Valley area was purified 
by solution of the sassolite in warm water and drying the residual ginorite 
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in an oven at 105° C. Microscopic examination after the treatment 
showed no measurable change in the mineral. 

In Table 1 the analysis of ginorite from the Death Valley area is 
compared with three analyses of ginorite from Sasso Pisano, Tuscany 


TABLE 1. GINORITE—CHEMICAL ANALYSES AND CALCULATION OF FORMULA 


Death Valley area, Tuscany Tuscany Tuscany 
California 

Ginorite Ginorite 1 Ginorite 2 Ginorite 3 

(per cent) (per cent) (per cent) (per cent) 


Orig. Recalc. Orig. Recalc. Orig. Recalc. Orig. Recalc. 


B03 64.47 65.21 63.00 64.42 64.06 64.49 58.54 63.64 


CaO 14.39 14.56 15.40 15.75 16,008 Gnd) 14.75 16.03 
SrO 1.09 1.10 as a= aoe a a —= 
NazO = =e == == = = 0.16 0.17 
H:O (+) 18.91 19.13 19.40 19.83 19.27 19.40 18.54 20.16 
Rem. 1.48 BOY 1), 2) 8.34 
Total 100.34 100.00 100.55 100.33 
Less rem. 1.48 2.20 aoe 8.34 
Total 98.86 100.00 97.80 100.00 99.33 100.00 91.99 100.00 
Analyst: Henry Kramer Gallori Rossoni Hey 
Molecular 
proportions Oxygen Atomic Atomic ratios 
(Death Valley atoms ratios on basis of 31 O’s 
area) 
B03 0.9364 2.8092 B 1.8728 14.019 
CaO 0.2596 0.2596 Ca 0.2596 1.943 
SrO 0.0106 0.0106 Sr 0.0106 0.079 2.042 
HO 1.0616 1.0616 EL 271232 15.897 


Formula: (Ca,Sr)2By4023: 8H2O or 2(CaO,SrO) -7B,03: 8H.0 


(D’Achiardi, 1934; Hey and Bannister, 1952). The formula derived from 
our analysis is 2(CaO,SrO) - 7B20;-8H2O. Except for the presence of stron- 
tium, this formula agrees with D’Achiardi’s formula, 2CaO- 7B.0;-8H.O. 
It should be noted that neither the analyses published by D’Achiardi nor 
the analysis of Hey are in close agreement with this formula. According 
to W. T. Schaller strontium is present in more than trace amount in 
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typical Italian ginorite, and, if the assumption is made that 1 per cent 
SrO is present (as it is in the Death Valley area material), the molecular 
proportions calculated from the three analyses of Italian ginorite are 
closer to the formula 2(CaO,SrO)-7B.0;-8H2O than they are without 
this assumption. 

Spectrographic analysis by Hal W. Johnson, Pacific Spectrochemical 
Laboratory, Los Angeles, Calif., gave the following additional determi- 
nations, in per cent: 0.X= Mg, Si, Na, Fe; 0.0X=Al; 0.000X = Cu. 

A pycnometric specific gravity determination at 25° C. gave 2.07, 
close to the value of 2.09 given by D’Achiardi (1934) for ginorite from 
Tuscany. 


SASSOLITE 
Optical Properties 


The optical properties of California sassolite are compared with those 
published for Italian and synthetic sassolites in Table 2. 


TABLE 2. OPTICAL PROPERTIES OF SASSOLITE 


Synthetic 
ae : Italy (Kracek, Morey 
Es (Larsen, 1921) and Merwin, 
1938) 
Na 1.340+0.005 1.340+0.005 1.337 
BNa 1.457 +0.003 1.456+0.003 1.461 
YNa 1.459+0.003 1.459+0.003 1.462 
Optic sign Negative Negative Negative 
DMeatat 14.0° 17.0° 9.6° 
Orientation X angle base is very large X angle base is nearly X angle base is 88° 
90° 
Other Plates lack regular outlines 


and show wavy extinction 


Chemical Composition 

Sassolite, contaminated with ginorite and clay, was analyzed for water- 
soluble B20; and water-insoluble material. The recalculated analysis is 
compared with the theoretical combining proportions for boric acid in 
Table 3. 


X-RAY DIFFRACTION PATTERNS 


X-ray powder patterns were prepared for ginorite and sassolite with 
nickel-filtered copper radiation over the range 20 = 5° to 90°, being scanned 
with a Geiger counter spectrometer at 1° per minute. In Table 4 the pat- 


TABLE 3. SASSOLITE—CHEMICAL ANALYSIS 


: Boric acid 
Death Valley Sassolite (theoretieal) 
(per cent) (per cent) 
B20; 57.19 56.39 
HO 42.81 (by differ- 43.61 
ence) 
Total 100.00 100.00 


TABLE 4, X-Ray PATTERNS: INTERPLANER SPACINGS AND RELATIVE INTENSITIES 
Nickel-filtered copper radiation 


Ginorite, Italy 


Ginorite é Sassolite, Boric acid, 
; Z (Hey and Bannister, f : 
California California (Oey 
1952) 

d(A) I d(A) Ne d(A) I d(A) I 
7.14 10 7.18 vs 6.02 1 6.04 2 
5.36 3 5.36 s 5.89 <1 5.91 <<il 
4.89 iil 4.92 vw 4.59 Zi 4.60 il 
4.66 1 4.68 w 4.20 <a 4.21 <1 
— 4.29 VVW 4.04 <A 4.06 <<a 
4.06 1 4.08 w Soy <ol roe << 
3.90 1 3.90 mw 3.18 10 3.18 10 
3.58 1 Sind! mb —_ 3.03 i 
3.43 a 3.42 vvw 2.95 <a 2.95 <1 
oelt 2 3.28 m 2.92 <i 2.92 1 
3.18 2 Sie ilies vvw — 2.84 <i 
Bly 1 Soi W mw Pecfiil <1 Dib, <il 
2.98 1 2.98 w 2.64 <Ol: 2.64 it 
2.87 1 2.88 w 2.56 <1 2.56 <aif 
2.80 1 2.81 vw -- 2.53 <if 
DIA Io? <1 Drild vw _— 2.50 <i 
2.65 <a — — 2.30 all 
PASI <1 262 vw 2723 <1 2.23 <a 
2.58 <a 2.58 VVw — 2.10 i 
2.54 <ll Dd 3) VVWw — 2.04 <1 
2.46 <a 2.47 vw 1.949 <1 1.949 <i! 
— De 36 vwb — 1.905 <i 
2.29 <1 PD ke vw — 1.888 <1 
Dale <a 2.24 Ww — 1.692 <eil 
ZS Gil 2.16 Ww a 1.670 <1 
BANG <1 — — 1.642 al 
2.08 2 2.09 s 1.590 1 1.591 2 
2.02 <1 2603 vw 
1.965 areal 1.96 wb 
— 192 vvw 


| 
= 
S 
rae 
< 
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terns for ginorites from California and Italy (Hey and Bannister, 1952) 
are in essential agreement. The pattern for analytical reagent boric acid, 
which is more completely developed than the pattern for sassolite from 
California, confirms the identity of this mineral. 

Fred A. Hildebrand, U. S. Geological Survey, verified ginorite and 
identified sassolite in an earlier «-ray pattern of the first sample of 
efflorescence collected. 
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EPIDOTE FROM HAWLEYVILLE, CONNECTICUT* 


Davis M. Lapuam, Department of Geology, Columbia University, 
New York, N.Y. 


ABSTRACT 


The Hawleyville, Conn. epidote occurs in a prochlorite-apatite-orthoclase pegmatite 
along nearly horizontal fracture planes of a medium- to coarse-grained diorite. The occur- 
rence is unusual since the epidote is colorless to yellow brown with a radiating prismatic 
habit. Optical and x-ray data are presented and the material is compared with the struc- 
turally and chemically similar zoisite and clinozoisite. The distinguishing features of the 
members of the epidote group are reviewed. It is suggested that the mineral name “‘epidote” 
be restricted to material which is optically negative. Indices of refraction are presented for 
stilbite which appear to represent a high Ca variety. 


INTRODUCTION 


This locality was first brought to the writer’s attention in an article 
by Wm. Agar and Earl H. Emendorfer on the manganiferous prochlorite 
at Hawleyville, Conn. (Agar and Emendorfer, 1937). After visiting the 
locality in connection with research on the chlorite minerals, a colorless to 
yellow brown radiating mineral was found closely associated with the 
prochlorite. Upon investigation, this mineral has been identified as 
. epidote, although it lacks the characteristic pistachio green color normally 
associated with epidote. 

I express my sincere appreciation to Professors Paul F. Kerr and 
Ralph J. Holmes of Columbia University for their helpful criticism of this 
paper. 

LocaTION 


Hawleyville, Conn., is east of Danbury, Conn., on route 25 a few miles 
north of the junction of routes 6 and 25 (Fig. 1). The samples were taken 
from an east-west trending railroad cut one third of a mile west of 
Hawleyville near the northwest border of the township of Newton, Conn. 
The railroad cut may be reached by taking the dirt road marked Sky 
Ridge which runs in a westerly direction from route 25 south of Hawley- 
ville. The Sky Ridge road is shown as a dotted line in Fig. 1. 


GEOLOGY 
The Brookfield Diorite 


The prominent outcrop through which the New York and New Eng- 
land Railroad (a branch track also used by the New York, New Haven 
and Hartford R.R.) has made a deep cut along Sky Ridge near Hawley- 


* Awarded the George Frederick Kunz Prize by the New York Mineralogical Club, 
1956. 
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Fic. 1. Location of Hawleyville epidote. 
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ville is composed of medium- to coarse-grained diorite. Megascopically 
it is even textured and composed of equant grains of plagioclase, white 
orthoclase, and biotite. The white orthoclase grades into pink orthoclase 
near the epidote-chlorite veins to be described later. In thin section it 
may be seen that this pink color is the result of clouding by small flakes 
of hematite. 

A thin section study of the Brookfield diorite revealed the following 
approximate composition: 

25% to 30% biotite 
25% microcline 
25% plagioclase 
5% AbsAny 
15% AbsAng 
5% AbzAng 
17% orthoclase 
8% to 13% quartz, ilmenite, zircon, and apatite. 
The quartz does not exceed 5%. The ratio of alkali feldspar to plagioclase 
is about 5:3 and the ratio of microcline to orthoclase is about 3:2. The 
absence of hornblende is very striking both in hand specimen and thin 
section, emphasizing the similarity between the Brookfield diorite and a 
typical monzonite. 

There are at least three prominent fracture systems which have been 
important in localizing various types of pegmatites. Although their 
occurrences are somewhat irregular, there is a dominant system which 
dips approximately 15 degrees to the west and strikes northwest. Another 
conspicuous series of fractures dips about 15 degrees to the east and 
strikes southeast. A third nearly vertical system strikes north-south, 
transecting the two nearly horizontal sets of fractures. It is these three 
systems which appear to have localized the later pegmatitic intrusions 
(igs 2). 

On the south wall of the cut about 200 feet from the overpass and four 
feet above the railroad tracks, there is a narrow band of schistose rock 
which has a bulk composition similar to the composition of the Brook- 
field diorite. This band, four to six inches wide, parallels the dominant 
westward dipping fracture system, but pinches out into normal diorite 
eastward at its upper end (Fig. 2). The mica in the schistose band appears 
to be a light brown phlogopite or muscovite. The loosely layered char- 


acter of this band has made it more susceptible to both replacement and 
weathering. 


The Pegmatites 


Although there are three distinct types of pegmatites intrusive into 
the diorite, two of these contain only feldspar crystals and massive quartz 
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with muscovite crystals along the pegmatite border. The third type is a 
complex feldspar-quartz pegmatite paralleling the two nearly horizontal 
fracture systems. 


The pink feldspar-epidote-chlorite bearing solutions evidently followed 
vertical fractures until they intersected the westward dipping schistose 
band. This band then offered an easy path for the solutions so that they 
replaced the band laterally and down the dip. In addition to this schistose 


FRACTURES, PEGMATITES AND ALTERATION 


SOUTH MMA OF CUT. 


Medium to coarse diorite 


Schistose dioritic band 


Band replaced by epidote pegmatite 


Barren quartz pegmatite 


Limits of altered diorite 


Fie. 2 


band, the normal diorite has been altered in the immediate vicinity of the 
pegmatite. This alteration consists primarily of hematite-clouded pink 
orthoclase feldspar with minor amounts of plagioclase and biotite and 
forms a gradational transition zone between the pink orthoclase crystals 
bordering the pegmatite and the normal diorite. The extent of this 
replacement halo does not exceed two feet beyond the epidote-chlorite 
pegmatite center. 

A few feet to the east there is another feldspar-epidote-chlorite peg- 
matite following an eastward dipping fracture system so that these two 
oppositely dipping pegmatites intersect about five feet above the base 
of the rock cut. There is no visible feeder for this second pegmatite 


(Fig. 2). 
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Geologic Sequence 
The following is a probable recapitulation of the sequence of events: 


1. Intrusion of a diorite body which cooled rather slowly yielding a medium to coarse 
texture. 

2. Fracturing and some slippage creating faults and a weak zone of schistose structure; 
—not necessarily contemporaneously. 

3. Influx of feldspar-epidote-chlorite solutions following vertical frctures but crystal- 
lizing preferably along the nearly horizontal fracture systems with notable replace- 
ment of the orthoclase and microcline by clouded pink orthoclase. 

4. Intrusion of nearly barren quartz pegmatites in one or more stages. 

5. Deposition of stilbite along vertical fractures. 


MINERALOGY 
The Pegmatites 


The center of the feldspar-epidote-chlorite pegmatites contains straw 
yellow to nearly colorless radiating crystals of epidote, yellow to color- 
less crystals of apatite, and a few elongated milky quartz crystals in a 
matrix of deep green, nearly cryptocrystalline prochlorite. According to 
Agar and Emendorfer (1937) the prochlorite contains a small amount of 
manganese. 

The borders of these pegmatites usually consist of brown to greenish 
muscovite crystals, often in very compact books. They form along the 
margin of the pegmatite between the epidote-chlorite center and the 
pink orthoclase alteration rim. The pink orthoclase crystals are un- 
twinned both megascopically and microscopically. 

As a final phase of the mineralization, unrelated to the diorite intrusive 
and subsequent pegmatite formation, thin coatings of radiating white 
stilbite crystals formed along many of the vertical fractures. 

The indices of refraction usually given for stilbite (Larsen and Ber- 
man, 1934) are a=1.494, B=1.498, and y=1.500. However, the indices 
determined for the Hawleyville material are a=1.485+.002, B=1.490 
+.002, and y= 1.493 + .002.* The index liquids used were checked on an 
Abbe refractometer using a sodium light source. All the other optical 
properties coincide with the optical properties for stilbite (Larsen and 
Berman, 1934). As supporting identification, an x-ray powder photo- 
graph was made with a Debye-Scherrer camera using filtered Cu radia- 
tion. The pattern of the Hawleyville stilbite matches the values given in 
the A.S.7.M. Index for stilbite from Palm Grove, Victoria Falls, 
Zambesi River, N. Rhodesia and it also matches the pattern of stilbite 
from Poonach, India, in the mineralogy laboratory reference files at Co- 
lumbia University. Consequently the Hawleyville material may be iden- 


* Similar to the low indices of the high Ca-variety, stellarite; Neuman, Norges Geol. 
Undersokelse, No. 166, 108-113 (1944); Pabst, Min. Mag., 25, 271 (1939). 
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tified as stilbite. From this data it seems probable that stilbite may have 
a range of indices of refraction greater than previously reported. 


The Hawleyville Epidote 


Ordinarily epidote is pistachio green and occurs in single crystals or 
parallel groups. This epidote, however, varies from nearly colorless to 
straw yellow to light green and commonly forms large radiating groups 
of crystals. Such a deviation marks this as an unusual occurrence and 
worth investigation. A colorless epidote from Garda in northern Italy 
may be a similar variety (Lacroix, 1887). No specimen was available for 
comparison. 

Although on first glance these crystals resemble vesuvianite, the two 
minerals most likely to be confused with this epidote are zoisite and 
clinozoisite. Indeed all belong to the same family, which also includes 
piedmontite, withamite, allanite, manganepidote, thulite, and hancock- 
ite. Of these only epidote, allanite, manganepidote, withamite, and han- 
cockite are optically negative. Thus a distinction between epidote on the 
one hand and zoisite and clinozoisite on the other rests on the difference 
in optic sign. 

In its own optic group epidote may be distinguished from withamite 
by an absence of strong red pleochroism and a negligible manganese con- 
tent; from hancockite by lower indices of refraction; from manganepidote 
by lower birefringence, lower indices of refraction, and the absence of 
significant amounts of manganese, and from allanite by lower birefrin- 
gence, an absence of rare earth elements, its greenish color, and by its 
lack of radioactivity. 

The properties of the Hawleyville epidote are as follows: 

Color: colorless, straw yellow, brownish yellow, and yellowish green. 
Habit: radiating prismatic with occasional bent crystals. 
Specific gravity: 3.321 +.006. 
Refractive indices: a=1.726. 
B=1.735. 
y=1.741. 
Optic sign: negative. 
Pleochroism: X—colorless. 
Y—occasionally faint pale pink. 
Z—colorless to neutral. 


Interference colors: regular, not anomalous. 
Twinning: rarely polysynthetic on (100) 2V greater than 50°. 


The pistachio green color of epidote is usually considered to be due to 
its high iron content while the lighter color of clinozoisite is believed to 
be the result of less than ten per cent iron. Zoisite, which is usually still 
lighter in color, contains little or no iron (Dana-Ford, 1932). In addition, 
the optic sign changes from positive to negative, distinguishing clino- 
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zoisite from epidote in this iron replacement series. Both the indices 
of refraction and birefringence increase with increasing iron content. A 
comparison of iron content with color and indices of refraction for min- 
erals of this group from several localities is shown in Table 1. The Haw- 
leyville, Conn., material is included based on an analysis by W. EG 


TABLE 1. RELATION OF IRON CONTENT TO COLOR AND INDICES OF REFRACTION 


FeO %FeO 


Fe Color Indices Biref. Ref. 
Sho £35 De golden green 1.724 .010 10. 
1.729 
1.734 
7.62 Beis, green 1.706 .006 8. 
1.708 
Al) 
7.83 6.08 colorless le, 
9.67 6.77 olive green 1/22 .028 4. 
1.742 
1.750 
8.88 97 6.97 straw yell.-green 1.726 .015 ile 
135 
1.741 
12.0 colorless or green* 1.716 007 the 
1.719 
1.723 
13.0 dark green to gray brown 1.714 .011 9. 
1.719 
15725 
15753 10.85 pistachio green 5R 
E25 12.06 pistachio green 129 .050 4, 
1.763 
1.779 
22.0 pistachio green Ae22 .028 ive 
1.742 
1.750 
PRAY) dark green 033 a. 


* Both colors are given by Larsen and Berman (1934) in different tables apparently for 


the same mineral. 


Note: %Fe was calculated from given oxide per cent. 
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Herdsman given below in Table 2. It can be seen from the standpoint of 
color alone, the Hawleyville epidote would probably have less than 15% 
iron. That it might have less than the 10% stipulated as the boundary 
per cent between clinozoisite and epidote (Dana-Ford, 1932) may be seen 
by the colorless Garda epidote with a 7.83% FeO content. As regards the 
indices of refraction, the high a index of the Hawleyville epidote suggests 
a relatively high iron content, while the low birefringence (.015) suggests 


TABLE 2 
Oxide % 
SiO: 37.96 
AlO3 Diese 
FeO 97 
FesO3 8 Ss 88 
MnO .16 
CaO 22.07 
MgO .34 
H.O—105° .08 
H,0+105° 2.14 


Analysis by W. H. Herdsman, Glasgow, Scotland. 


a moderate iron content. The chemical analysis given in Table 2 confirms 
these conclusions regarding iron content based on the color and optical 
properties of the epidote. It should be noted that both total iron per cent 
and total iron oxide per cent are less than the stipulated 10% often 
regarded as the minimum iron content for epidote. On the other hand, if 
one were to define epidote on the basis of a negative optic sign, the 
Hawleyville material would have to be regarded as epidote and not as 
clinozoisite. 

It is interesting to note that, as might be expected from the associated 
manganese-bearing chlorite, the epidote also contains a small percentage 
of manganese. Evidently this quantity is insufficient to affect the optical 
properties appreciably. It is certainly insufficient for this mineral to be 
regarded as one of the manganese epidote minerals mentioned previously. 

In an effort to distinguish the Hawleyville epidote from the struc- 
turally similar clinozoisite and zoisite, several x-ray powder photographs 
were taken. A Debye-Scherrer camera was used with Cu radiation and a 
Ni filter. Each pattern was measured independently several times to 
decrease the margin of error of two-theta measurement. The intensities 
shown in Table 3 are the averages of at least three independent visual 
estimates for each powder pattern. 
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The zoisite from Ducktown, Tenn., is greenish and optically positive. 
The Bourg d’Oisans epidote from France, is pistachio green, contains 
14.88% iron, and is optically negative. The “‘clinozoisite” from Nightin- 
gale Range, Nev., is gray, but optically negative, and therefore probably 
an epidote. The clinozoisite from Timmins, Ont. (Fouqueite) is gray- 
brown, radiating prismatic, and optically positive. This Timmins 
clinozoisite is here taken to be representative of clinozoisites as a whole. 
Although it can be seen from Table 3 that these are all similar minerals, 
the following distinctions may be made: 

1. The Hawleyville epidote exhibits a 7.02 A and a 1.590 A line, neither of which are 

present in the Timmins clinozoisite. 

2. The Timmins clinozoisite has 6.60 A, 3.325 A, and 2.631 A lines not found in any of 
the epidote patterns. 

3. There do not seem to be any significant intensity variations between the epidotes and 
the clinozoisite, but the zoisite is significantly different. 

4. The 3.325 A and 2.631 A lines of the Timmins clinozoisite are common to the zoisite, 
but are not found in the three epidotes. 

5. The Nevada “clinozoisite” (actually epidote) and the Hawleyville epidote have 
consistently greater “‘d” spacing values for the same reflections than the Timmins 
clinozoisite and the Bourg d’Oisans epidote. The former pair correspond to lighter 
colored hand specimens and the latter to darker hand specimens, suggesting that the 
coloring agent or agents is shifting the “‘d” reflections to smaller values. In the light 


of the optical properties and chemical analysis, it seems probable that iron content 
is the major factor involved in this shift. 


CONCLUSIONS 


There is no prominent structural difference among the five samples 
which were examined by x-rays. However, the zoisite ‘‘d” value shifts, as 
well as the significant intensity variations indicate that there is some 
structural dissimilarity. Ito (1947) has proposed that zoisite is twinned 
clinozoisite. Such intimate twinning resulting from a change in position 
of Al(Fe) octahedra with respect to Al tetrahedra might explain the dif- 
ferences observed in the powder patterns of these two minerals. In addi- 
tion, as the composition changes from the light gray zoisite to the dark 
pistachio green of the Bourg d’Oisans epidote, the 6 A, 7 A, and 8 A lines 
gradually disappear, the 8 A line being the last to disappear. This repre- 
sents a structural change which may be a reflection of increasing iron 
content. 

If the Timmins clinozoisite is accepted as a typical clinozoisite, then a 
consideration of the x-ray data leads to the conclusion that the structural 
similarity between epidote and clinozoisite is greater than the similarity 
between either epidote and zoisite or clinozoisite and zoisite. This is in 
sharp contrast to the optical properties. Optically, clinozoisite and zoisite 
are similar, both being positive, while epidote is optically negative. Since 
the optical properties of a mineral are also a direct consequence of its 
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TABLE 3. COMPARISON OF X-RAY VALUES FOR MEMBERS OF THE Epipore Group 
Zoisite Epidote “Clinozoisite” aie Clinozoisite 
Ducktown, Bourg Nightingale R. guile Timmins, 
Tenn. d’Oisans Nev. awleyville Ont. 
Int-  d(A) Int.  d(A) Int. d(A) Int. (A) Int. d(A) 
30 8.13 3 8.08 4 7.98 8 7.93 
3 7.02 
6 6.60 
50 5.027 40 4.950 50 5.038 40 5.018 35 4.992 
15 4.675 
gP 4,543 3? 06 4.631 4? 0 4.621 
8 4.245 
40 4.048 
50 3.969 50 4.006 40 3.997 45 3.997 
1 3.732 2, 3.749 4? 0 3..762 3 So fisil 
60 3.615 
45 3.450 45 3.487 40 3.492 30 3.468 
20 3.370 3 3.394 6 Sool 8 3.390 
2 3.328 6 3.325 
30 Seb 76 12 3.207 15 3.197 20 3.184 
3h 3.106 4? =. 3.060 42 3.060 2 3.044 
100 2.869 100 2.872 100 2.893 100 2.900 100 2.884 
35 2.783 60 2.795 65 2.805 50 2.809 Ep) 2.790 
100 2.703 
70 2.667 65 2.676 60 2.677 60 2.666 
20 2.626 12 2.631 
65 2.588 60 2.593 55 2.593 60 2.584 
30 2.531 30 2.514 15 2.529 10 22525 15 Deol 
3? 0. 2..459 10 2.439 2 2.449 6 2.449 12 2.437 
40 2.407 80 2.393 75 2.397 70 2.396 65 2.385 
60 Be5oo 45 2.290 25 2.296 oe) 2.289 25 2.285 
10 2.238 
50 292 25 2.162 25 2.161 705 PX ANSS) 
10 Zottd 60 2.103 40 2.110 40 Daan! 35 2.099 
65 2.064 20 2.064 3 2.067 10 2.065 6 2.060 
5 2.038 4? 2.044 4? 2.043 42 06. 2..043 
5 2.020 1 2.020 
15 1.982 4? 1.997 1 2.003 4? 1.994 
20 1.903 2 1.915 4? 1.914 
70 1.867 70 1.871 60 1.869 60 1.865 
30 1.844 
1 1.767 1 STS 1 1.765 
420 «1.741 1 1.742 4? =. 1.740 
am La) 4? =61.700 1 f0S) 4? = 11.699 
8 1.685 4? - 11.682 1 1.687 4? =. 1.684 
4 1.666 4? = 1.666 1 1.669 
85 1.635 75 1.633 65 1.635 65 1.631 
75 1.615 20 1.622 12 1.622 10 1.622 20 1.618 
DS 1.591 20 1.585 10 1.590 
25 L575 20 iNet) 12 1.574 15 eS 
20 1.544 20 1.541 6 1.539 6 12539 6 1.536 
2” 4,530 ge «1.524 
35 1.453 40 1.456 20 1.457 15 1.458 25 1.451 
10 1.429 2 1.437 4 1.435 6 1.435 6 1.433 
$ 1.406 38) 1.406 30 1.404 30 1.404 35 1.398 
45 1.388 50 1.392 15 1.393 25 1.389 15 1.388 
2 1.369 1 1.363 
30 1.347 8 1.344 2, 1.342 4 1.346 1 1.339 
20 1.291 8 1.295 4 1.296 6 1.297 4 1.2934 
8 1.268 12 1.267 20 1.265 8 1.265 10 1.262 
oe a ae ee 
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structural arrangement, this seems to present a paradox. Epidote has 
been regarded as an iron-rich zoisite and presumably the change in optic 
sign could be attributed to the increase in iron content. A similar feature 
occurs in the forsterite-fayalite series in which there is a continuous 
transition from the optically negative iron-rich member, fayalite, to the 
optically positive forsterite. Olivine of intermediate composition, may 
be either positive or negative. 

Tempel (1938) found that the presence of rare earths, in addition to 
the water and ferrous-ferric content, influences both the physical and 
optical properties of epidote. Thus even a chemical classification becomes 
a complex problem. Since ferric iron is able to substitute diadochically 
for aluminum in the epidote structure, it seems that the distinction be- 
tween epidote and clinozoisite, at least for the present, should be based 
on the difference in optic sign which reflects both the chemical and the 
slight structural dissimilarities of the two minerals. 

The Hawleyville material may be considered to be an epidote as long 
as the definition of epidote rests upon the optic sign determination. 
However, should clinozoisite eventually take the analogous position of 
olivine as either optically positive or negative, then the Hawleyville 
material will have to be reclassified on another basis. Additional x-ray 
analyses on the effect and position of iron substitution in the members of 
the epidote group might reveal a better basis for differentiating the 
minerals of this group. 
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FASSAITE FROM NEAR HELENA, MONTANA 
ApoLpH Knorr AND Donatp E, LEE, Stanford University, California. 


ABSTRACT 


The aluminous pyroxene fassaite, along with spinel, garnet, and the brittle mica clin- 
tonite, forms a lode 400 feet long and 8 feet thick, 12 miles southeast of Helena, Montana. 
The fassaite contains more AlsOs (15.75 per cent) and Fe2O; (6.10 per cent) than any natu- 
ral fassaite recorded. It strikingly illustrates Tilley’s thesis that monoclinic pyroxene asso- 
ciated with spinel in metamorphosed limestone can be expected to contain a notable amount 
of alumina. 


INTRODUCTION 


Fassaite is the name applied to diopsidic pyroxene relatively high in 
alumina and ferric oxide, practically devoid of alkalis, and having a con- 
tent of CaO essentially that of the ideal diopside (Tilley, 1938, p. 87).The 
balancing of the electric charge in fassaite is accomplished by substitution 
of aluminum for silicon and of aluminum and ferric iron for magnesium. 

Fassaite is found only in environments poor in silica, being usually 
associated with spinel in contact-metamorphosed limestones. It is 
probably more widespread than the few descriptions available in the 
literature would indicate (Tilley, 1938, p. 81). The senior author, who has 
previously reported fassaite from the contact zone of the Boulder bathy- 
lith (Knopf, 1953, p. 1114, 1117), recognized the present occurrence and 
turned the material over to the junior author for detailed study. 

The chemical analysis of the fassaite here given was made possible by 
the Shell Oil Company through the Shell Grant for Fundamental Re- 
search. The writers are indebted also to Dr. C. O. Hutton for helpful 
advice offered during this study. 


GEOLOGIC OCCURRENCE 


A vertical tabular mass of spinel and silicates occurs on the Knapp 
ranch, in Lewis and Clark County, Montana. It is several hundred yards 
southwest of the old Economy mine, 12 miles by road southeast of 
Helena. 

The spinel mass is 8 feet thick; it trends N. 60° W. and dips steeply, 
probably vertically. It extends 400 feet or more southeastward from the 
creek bottom to the summit of the ridge, where it ends in a mass com- 
posed mainly of vesuvianite, with calcite, diopside, and chondrodite. 
The spinel mass separates a body of olivine gabbro on the northeast from 
a body of granogabbro on the southeast occurring along the northern 
boundary of the Boulder bathylith. It is interpreted to be a limestone 
septum that has been pyrometasomatically altered. 

The spinel lode, as it can be called, consists of black spinel and pale 
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green silicates in roughly equal amounts by volume. The minerals appear 
to be fairly uniformly distributed and a representative specimen of the 
rock has a density of 3.45. The spinel is in subhedral crystals which are a 
millimeter or two in size and are more or less clustered together. The 
silicates were not identifiable megascopically, except that a micaceous 
mineral is recognizable, subsequently determined to be the brittle mica 
clintonite. 

Under the microscope the spinel is seen to be associated with pyroxene, 
garnet, and clintonite, with traces of phlogopite and muscovite, and a 
secondary mineral resembling jarosite. The mineral that immediately 
attracts attention is the pyroxene fassaite. It is of most un-pyroxenic 
appearance, chiefly because of the poor development of its cleavage. It 
was seen to have a powerful dispersion comparable to that of sphene. 
The optic axis B emerging on sections with rectangular cleavage shows 
strong dispersion, but the optic axis A, emerging perpendicularly on 
(100), shows no dispersion. Because of its striking properties it was 
thought desirable to have the fassaite chemically analyzed. Purification 
of the sample and the quantitative determination of the physical 
properties of the fassaite and associated minerals is largely the work of 
the junior author. 


MINERALOGY 


Techniques.—All optical properties listed were measured in sodium 
light, and specific gravity values were determined in Clerici solution by 
means of the suspension method. (In the case of clintonite, methylene 
iodide was used as the heavy liquid.) Amperage readings for the Frantz 
Isodynamic Separator are quoted as a measure of paramagnetic suscepti- 
bility of the various minerals; in every case the readings apply to a track 
setting of slope 15° and tilt 12°. 

Fassaite-—About three grams of fassaite were purified for analysis 
and a powder diffraction pattern was obtained for a split from the pure 
material; this pattern proved to correspond to that of an analyzed di- 
opside, with slight differences in spacing resulting from compositional 
differences. Other determinations, all made on the material prepared for 
analysis, are: specific gravity 3.325-3.355+.01, average 3.34; a=1.712 
+ .003, B=1.719+ .003, y=1.736+.003; y—a=.024; and dispersion 
r>v, strong. Optic axial angles were measured on the universal stage for 
five crystals and both axes were observed in every case. The results, all 
(+), are: 51, 56, 56, 57, and 58°. Z/\c, the mean of 10 readings made on a 
section showing a centered flash figure, is 46°; in white light it was 
determined to be 47°. Only a few of the grains (100-mesh size) were 
attracted at 0.45 ampere, but all were attracted at 0.60 ampere. 

The analysis is given in Table A; earlier fassaite analyses have been 
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brought together by Tilley (1938, p. 84). The present example is appreci- 
ably higher both in Al,Os (15.75%) and AlsO3+ FesOs (21.85%) than any 
natural fassaite previously recorded. Several studies of synthetic pyrox- 
enes have been made in order to determine the amount of Al,O3 that 
diopside can contain (see for example Schumoff-Deleano, 1917; Zvetkov, 
1945; and Segnit, 1953). The results of these studies are not in complete 


TaBLeE A, Fassaite, LEWis AND CLarK County, MONTANA 
Analyst: Eileen H. Oslund 


Weight per cent Metal atoms 
SiO» 41.36 1.537 LA ie 
Al.O; 15.75 a .463 
.226 

TiO, 76 021 
FesO3 6.10 Si 170 L 
MgO 10.34 576 ‘pial 
FeO .24 .007 
MnO .03 .001 
CaO 25.27 see a 
Na2O .06 .004{-° 
K,0 .03 
H,0+ .10 
H.0- .00 

Total 100.04 


accord, but all indicate that the present occurrence represents at least an 
approach to the limit of alumina that can be accommodated by the 
diopside structure. Aside from its low content of SiOz and high Al,O; and 
Fe2.0;, the Montana fassaite is notable for its extremely high ratio of 
FeO3;: FeO. 

The refractive indices, Z/\c, and specific gravity of the Montana speci- 
men are all higher than any values previously. reported for fassaite. How- 
ever, several compositional variables are involved, and analytical data 
are still too few for graphs to be constructed of physical properties against 
composition. 

Spinel.—Spinel comprises about 50 per cent of the rock by volume. 
The spinel composition appears to average about 30 molecular per cent 
hercynite and 60 molecular per cent spinel proper, but the compositions 
suggested by specific gravity, refractive index, and unit cell edge are not 
mutually consistent. Thus it is apparent that here these properties do not 
all vary directly with composition in the FeAl,O.-M gAleoOu Series. A 
probable reason is the partial substitution of ferric iron for aluminum and 
a small amount of other elements for magnesium and divalent iron. A 


76 A. KNOPF AND D. E. LEE 


semi-quantitative spectrographic analysis shows about 0.5 per cent Mn, 
0.4 per cent Ca, and traces of Cr, Ni, V, Ti, and Ba. Lines for both Mg 
and Fe are strong, but those for Mg are the more intense. 

The mineral is black in grains of 100-mesh size and grass green in thin 
section; most of the grains are attracted at 0.45 ampere and all are 
attracted at 0.53 ampere. The following data were recorded: Specific 
gravity =3.67-3.77; R.I.=1.750+.004, and the unit cell edge=8.111 
A+.002. 

Garnet.—On the basis of physical properties and a semi-quantitative 
spectrographic analysis, the following composition of the garnet is 
deduced: grossularite, 76-80; andradite (including a possible minor 
amount of almandite), 15-18, and pyrope, 3-7. Zoning in a few 
individual grains was noted, but this is rare. 

Practically all of the garnet has a specific gravity of 3.60—3.66; further, 
over 90 per cent is included in the more narrow range of 3.62-3.64. 
Therefore the latter material was selected for study, and the following 
properties and values refer to that garnet with a specific gravity of 
3.63 +.01: R.I.=1.755+.005, and unit cell edge= 11.87 A+.01. In grains 
of 100-mesh size the mineral is off-color white, with a slight suggestion of 
a yellowish hue; as powder, it is chalk-white. The first grains are drawn 
» off at 0.45 ampere, and all are attracted at 0.55 ampere. Thus the para- 
magnetic susceptibility of the garnet is very like that of the fassaite. 
Spectrographic analysis shows that the mineral contains about 5 per 
cent iron, less than 0.05 per cent manganese, and perhaps as much as 2 
per cent magnesium. 

Clintonite-—The portion of the sample crushed for fractionation work 
contained about 5 per cent micaceous materials, but some thin sections 
suggest that this figure is low as an average for the whole rock. Most of 
this mica has a specfic gravity of 3.08-3.15; a small portion is between 
3.00 and 3.08, and practically none has a gravity of less than 3.00 or more 
than 3.15. The crushed material is leek green in color. In thin section the 
mineral shows very faint pleochroism, with X=light orange, Y and Z 
= pale green. Refractive indices are a=1.646+ .004 and y=1.659+ .004. 
Cleavage flakes give centered interference figures with 2V=5-10°(—). 
The mica is identified as clintonite. This species has previously been re- 
ported in contact rocks from the Boulder bathylith: xanthophyllite near 
Butte by Felts (1947) and clintonite, probably near seybertite, from 
many localities by Knopf (1953). 


CONCLUSION 


The notable features of this rock, in addition to the unusual composi- 
tion of the fassaite, are the complete absence of carbonate and overall 
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simplicity of the mineralogy. Practically the entire rock is composed of 
four minerals, and so by way of summary the main components of these 
minerals, as they are known or can be approximated, are listed in Table 
B. Since spinel makes up about half the rock, and none of the silicates 
present contains as much SiO: as anorthite, the overall silica content of 
the rock must be less than 20 per cent. 


TABLE B, Compositions OF MINERALS IN FassartTE-SPINEL Lopr, HELENA, MONTANA 
(Stanford Mineralogy Research Collection Number 7960) 


Weight per cent 


1 2 3 4 


SiO, 41.36 39-41 — 17-20 
Al,O3 L5ehS 18.5-19.5 66-70 39-43 
TiO, < 76 — Ake — 
Total iron as Fe.O3 6:37, 4.5— 5.5 9-15 1-4 
MgO 10.34 1-3 17-22 20-21 
MnO .03 205 .3-.7 — 
CaO 2oc2ik 33-35 -4(?) 10-14 


1. Analyzed fassaite. 

2. Garnet, composition deduced from physical properties and semi-quantitative spec- 
trographic analysis. 

3. Spinel, composition estimated from physical properties and semi-quantitative spec- 
trographic analysis, but somewhat problematical. 

4. Clintonite, composition as suggested by five clintonite analyses listed by Koch 
(1935, p. 460). 
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A NEW METHOD OF DIFFERENTIAL THERMAL 
ANALYSIS EMPLOYING MULTIPLE 
THERMOCOUPLES 


Witi1am Loppinc AND Epwarp Sturm, Bureau of Mineral Research, 
Rutgers University, New Brunswick, N.J. 


ABSTRACT 


A method is described which permits the investigation of thermal reactions too small 
in magnitude to be detected by ordinary methods of Differential Thermal Analysis. The 
e.m.f. generated by thermal reactions can be multiplied by placing a number of thermo- 
couples in series. Peak amplitudes in thermograms are increased by a factor directly related 
to the number of differential couples employed. 


INTRODUCTION 


Differential Thermal Analysis is employed in the analysis and study of 
minerals which upon heating undergo endothermic or exothermic reac- 
tions at characteristic temperatures. In this technique, a differential 
thermocouple is used (see Fig. 1a). One junction is inserted into the test 
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Fic. 1. Schematic diagrams of a dual differential thermocouple (a) and a multiple 
differential thermocouple (0). 


material, while the other junction is placed in a substance which is ther- 
mally inert within a given temperature range. The inert and sample 
materials are heated simultaneously at a constant rate. Endothermic 
or exothermic reactions taking place in the sample material produce a 
temperature difference between sample and inert substance, causing an 
e.m.f. in the differential thermocouple. By means of a recorder, these 
temperature differences can be plotted against the temperature. Endo- 


thermic and exothermic reactions register as deviations from the base 
line. 
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Reactions accompanied by the liberation or absorption of energy, such 
as decomposition, loss of structural or absorbed water, or phase changes, 
are recorded as peaks above or below the base line. In order to detect 
thermal reactions of small magnitude, a D-C voltage amplifier is fre- 
quently placed in series between the differential thermocouple and the 
recorder (Kerr, e¢ al., 1949). 

Electronic amplification of the weak signal generated by a differential 
thermocouple has been carried to a practical limit (Rowland, 1955). A 
full-scale sensitivity range of 50 microvolts has been used by some 
workers. However, because unavoidable noise is amplified along with the 
signal generated by the heat of the reaction, investigators rarely attempt 
to work in high sensitivity ranges. 

The method described here results in an increase of the primary e.m./. 
generated by the temperature difference accompanying the diagnostic 
chemical reactions. This is achieved by employing several thermocouples 
connected in series (see Fig. 10). The total e.m.f. generated by the mul- 
tiple thermocouple is directly related to the number of differential 
thermocouples used. 

Multiplication of the original e.m.f. within the first stage of the system, 
rather than amplification in the second stage is proposed here. The 
stronger signal thus obtained can then be amplified by means of a D-C 
voltage amplifier. The advantage of increasing the primary (frequently 
small) e.m.f. over amplifying a weak signal lies in the reduction of the 
influence of noise and drift. An amplifier increases the e.m.f. due to the 
latter as well as the signal. 


METHOD 


The e.m.f. developed by a single differential thermocouple can be 
multiplied a number of times by employing several series-connected 
thermocouples (Fig. 18). The amplitude of the peaks recorded is directly 
related to the number of couples making up the assembly. Fig. 3 (a) 
_ shows a thermogram of quartz obtained with a single couple. Fig. 3 
(b) shows a thermogram of the same sample of quartz tested with a 
multiple thermocouple of four units. The peak amplitude of the latter is 
four times larger than the former. A greater factor of multiplication of 
- peak amplitude may be obtained by using a multiple thermocouple con- 
sisting of more units. The principle of multiple thermocouples has been 
used in calorimetry (Roth and Becker, 1935), in radiation thermopiles 
- (Gier and Boelter, 1941) and others. 

One of the difficulties encountered in the standard dual-differential 
thermocouple assembly is the necessity of accurately centering the couple 
terminals and equalizing the sizes of the beads. This has to be done in 
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Fic. 2. Specimen-holder for a four-unit multiple differential thermocouple. The 
line A-B refers to the cross-section shown on the right. 


(a) 


(b) 
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Fic. 3. Thermograms of quartz, (a) with conventional unit, (b) with multiple dif- 


ferential thermocouple. 
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order to obtain a straight base line. In the multiple couple assembly, 
centering of terminals and equalizing of bead sizes is not as critical. 
Asymmetrical tendencies caused by differences in bead sizes or unequal 
positioning of the terminals have the tendency to cancel each other out 
when several units are employed. Further, the larger size of the sample 
(the cavities hold 1 mm. of sample each or about 1.3 grams) tends to 
minimize the effects of non-homogeneity and stratification in the sample 
proper. 

The increase in peak amplitude resulting from the increased e.m,f. 
causes the peak slopes to be steeper and thus facilitates the determination 
of the temperature of reaction. Quantitative work, involving the measure- 
ment of areas under peaks (Bramao, ef al., 1952), is also facilitated be- 
cause of the greater ease of determining areas under large peaks. 

It is believed that multiplication of the primary e.m.f., as proposed 
here, will permit investigation of thermal reactions which, because of the 
difficulties mentioned above, could not be measured heretofore. If the 
four-unit multiple thermocouple shown in Fig. 10 is used in conjunction 
with a D-C voltage amplifier, the full range of sensitivity of 50 micro- 
volts could be extended to 12.5 microvolts. Because, as mentioned above, 
drift of the base line and unwanted signals due to asymmetry of the 
dual-thermocouple are almost eliminated in a multiple assembly, the in- 
creased e.m.f. fed into the amplifier is due to the signal generated by the 
thermal reaction. 


APPARATUS 


Figure 2 shows a specimen holder which was designed for use with a 
four-unit multiple thermocouple. The holder consists of five parts ma- 
chined from scale-resistant stainless steel. 

The central segment (b) contains the wells for the sample and the inert 
substance. The hole (f) in the center of the segment (0) serves as cavity 
for the single thermocouple which controls the furnace temperature re- 
corder. Four holes in the bottom of the wells serve to hold short pieces 
of two-hole porcelain insulator tubes (e). The latter support the individual 
thermocouples. The thermocouples were welded after the wires had been 
inserted in the insulator tubes. Segment (c) is hollowed out to permit 
space for the wires leading to and connecting the thermocouple terminals. 
The space also permits the adjustment of the terminals by manipulating 
the wires leading to them. Segment (a) serves as cover to the wells and 
completes the circular cross-section of the assembled specimen-holder. 
Small, tapered pins help to align the three segments. The disk-shaped 
end-plates (d) which are of the same diameter as the specimen-holder, 
complete the assembly. Two quarter-inch diameter tubes (g) support 
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and position the specimen-holder in the furnace. The tubes contain two- 
hole porcelain insulators for the lead wires of the thermocouples. One of 
the stainless steel tubes can also be connected to a gas supply line if an 
analysis is to be made in controlled atmosphere (Stone, 1951). The tube 
on the opposite end then serves as an exit tube for the gas. 
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NEW DATA ON FERRITUNGSTITE FROM NEVADA* 


D. H. Ricurer, Laura E. REICHEN, AND D. M. Lemmon, U.S. 
Geological Survey, Washington 25, D. C. 


ABSTRACT 


A yellow ocherous mineral from cavities in a limonitic gossan from the Nevada Scheelite 
mine, Mineral County, Nevada, is shown by «x-ray diffraction studies to be identical with 
ferritungstite from the type locality, the Germania tungsten mine, Deertrail mining dis- 
trict, Stevens County, Washington. New data obtained on the ferritungstite from Nevada 
show that it is tetragonal, commonly dipyramidal; indices of refraction between 2.09- 
2.15; specific gravity 5.2; three strongest diffraction lines are 5.94, 2.966, and 3.10 A; 
probable unit cell dimensions: a= 10.28 A, c=7.28 A, and c/a=0.708. The new formula is 
CazFeo**Fes***(WOs,)7-9H20. In the original material from the Germania mine, jarosite 
was intimately mixed with the ferritungstite, both minerals being very fine grained. 


INTRODUCTION 


In a recent study of tungsten-bearing gossan collected by D. M. Lem- 
mon and Earl Pampeyan from the Nevada Scheelite mine, near Raw- 
hide, Mineral County, Nevada, a yellow ocherous mineral was observed 
which at first could not be identified by x-ray diffraction data or other 
means. Spectrochemical analysis showed the presence of Ca, Fe, and W, 
the latter being the most abundant, and it was suggested by W. T. 
Schaller that the mineral might be ferritungstite, a mineral described by 
him many years ago (Schaller, 1911). 

Kerr (1946) later reexamined the ferritungstite from the same cavity 
in the type specimen (U. S. National Museum 86985) from which 
Schaller obtained his analyzed material. In his report on tungsten 
mineralization, with reference to his x-ray studies of the type material 
Kerr states on p. 78: ‘‘x-ray data are inconclusive. Five different x-ray 
diffraction patterns have been taken, all of which show minor variations. 
One pattern agrees closely with jarosite from several localities and also 
with synthetic jarosite prepared in the laboratory. Others fail to agree 
exactly either with normal jarosite or natrojarosite, either natural or 
artificial. All patterns, on the other hand, bear a resemblance to examples 
of the jarosite group.” 

Comparisons and measurements of the x-ray powder patterns of our 
mineral from Nevada and of those taken by Kerr on the Germania 
material showed complete identity of the pattern of the mineral from 
Nevada with one of the five films (Graf no. 4) taken by Kerr, which film 
therefore must have been taken of essentially pure ferritungstite. The 


* Publication authorized by the Director, U. S. Geological Survey. 
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other four films must have been taken of mixtures of ferritungstite and 
jarosite. 

The hexagonal plates, described by Shaller (1911) and thought by 
him at that time to be ferritungstite, are now known to have been 
jarosite, which explains in part Kerr’s statement that “All patterns, on 
the other hand, bear a resemblance to examples of the jarosite group.” 
Most of the samples x-rayed by him probably were mixtures of ferritung- 
stite and jarosite. The relatively large hexagonal crystals shown in his 
Plate 23, facing page 77 (Kerr, 1946), are probably jarosite and not 
ferritungstite. 

That the hexagonal plates of Schaller were jarosite is shown by the 
following comparison of their determined optical properties. 

“Ferritungstite,” Larsen (1921), p. 74: #=1.80, e=1.72. Probably uniaxial 

“Ferritungstite,” Kerr (1946), p. 77:w=1.815, e=1.716 


Jarosite, Larsen and Berman (1934), p. 90: #=1.820, e=1.715. Uniaxial 
Ferritungstite, this paper. Incides between 2.09-2.15. 


Further evidence that much of the original Germania material was 
a mixture of ferritungstite and jarosite is shown by the results of the 
partial analysis made by Ledoux and Company on material furnished 
them by Kerr and given by him (Kerr, 1946, p. 78), namely, WO;= 20.0 
. per cent and SO;=17.4 per cent. These values can be interpreted as rep- 
resenting a mixture of 28 per cent of ferritungstite (new formula) and 
55 per cent of jarosite, and if to these figures be added the average value 
of Schaller’s “insoluble,” namely 15 per cent, the summation comes to 
98 per cent. The sample analyzed by Ledoux and Company then was 
about 3 ferritungstite and 3 jarosite, after deducting insoluble. This 
sample probably represents the kind of material on which Schaller ob- 
served his hexagonal plates and explains Kerr’s statement (p. 78): ‘One 
pattern agrees closely with jarosite...,’’ but probably does not rep- 
resent the kind of material originally analyzed. 

Similar conclusions were reached by Graf (1947), who, in an attempt 
to clarify the problem extended the investigations by Kerr, concentrat- 
ing chiefly on the synthesis of ferritungstite. His lack of success in this 
attempt may have been due to the incorrect formula proposed by 
Schaller. Graf states, after studying the x-ray powder pattern of type 
material (presumably patterns taken by Kerr), that jarosite was more 
abundant than Kerr had indicated and that the unidentified lines were 
both consistent in, and common to, all patterns. From these conclusions, 
Graf reasoned that the SO; reported by Kerr (Ledoux’s analysis) was 
due to admixed jarosite, and not, as Kerr intimated, a chemical con- 
stituent of ferritungstite. Graf also mentions the possibility that the 
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indices of refraction reported for ferritungstite by Larsen (1921) were 
actually determined on the associated jarosite. 

It is now apparent that the original material on which Schaller based 
his description of ferritungstite and now nearly all consumed (as only 
a thin dusty film remains in the quartz cavity) was a mixture of two 
minerals, both very fine grained, the better crystallized being jarosite 
and the other being ferritungstite, which apparently was deposited, at 
least in part, on previously formed jarosite. 

Only two other published reports of occurrences of ferritungstite are 
known and one of these, from the quartz-wolframite deposits at Silver- 
mine, Missouri (Singewald, 1929) has been shown by Graf to be jarosite. 
The other occurrence has been reported by Kitt] (1939) from Cerro 
Liquinaste, Argentina. Kittl describes “ferritungstite” as a brown min- 
eral with a greasy luster (chestnut brown streak) pseudomorphous after 
wolframite. The specific gravity was determined as 5.57. These properties 
are not in accord with those of ferritungstite from either Washington or 
Nevada. 


OcCURRENCE 


The Nevada Scheelite mine is in Mineral County, Nevada, approxi- 
mately 4 miles east of the nearly deserted town of Rawhide. Scheelite 
was discovered there in 1930, and development of the principal deposit 
was undertaken in 1936 by Nevada Scheelite, Inc. The mine has been a 
substantial producer since then, and is now operated as a subsidiary of 
Kennametal, Inc. 

The ore bodies are scheelite-bearing tactite along the contact between 
granite and limestone of Triassic age (Geehan and Trengove, 1950). The 
primary ore consists dominantly of andradite garnet accompanied by 
variable quantities of calcite, quartz, amphibole, epidote, pyroxene, 
wollastonite, pyrite, chalcopyrite, magnetite, and scheelite. Above the 
200-foot level the ore bodies are largely oxidized, and remnants of 
sulfides are found only in isolated spots. The content of tungsten in the 
oxidized ore is somewhat greater than in the sulfide ore, due principally 
to the leaching of gangue minerals during oxidation. The metallurgical 
recovery from oxidized ore has been unexpectedly difficult and the mill 
tailings contain nearly a third of the tungsten originally present. It 1s 
believed that the tungsten in these tailings occurs largely as very fine 
grained ferritungstite mixed with limonite. 

On the fringes of the oxidized ore bodies, particularly in the footwall 
against limestone, there are masses of quartzose limonitic gossan that 
contain very little scheelite but assay several per cent of tungsten tri- 
oxide in the form of ferritungstite. The material investigated was 
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collected from two stopes a few feet above the 200-foot level. The gossan 
contains other secondary minerals in addition to ferritungstite, including 
bismutite and jarosite, all apparently deposited later than the limonite 
and possibly contemporaneous with the ferritungstite. No tungstite or 
hydrotungstite was observed. 

The two forms of ferritungstite (crystals and fibers) observed under 
the microscope seem to be habit modifications and not separate phases. 
The indices of refraction fall within the same range for the two types, 
and x-ray powder diffraction patterns do not show inconsistent or vari- 
able interplanar spacings that might be attributable to two phases. 


PROPERTIES 
Structural 
Probable unit-cell dimensions and contents, as determined from x- 
ray powder patterns, are: a= 10.28 A, c=7.28 A, c/a=.708, cell volume 


= 769.3 A’, S.G. (calc.) =4.75 (with Z=1). The «-ray powder diffraction 
data indexed for all interplanar spacings to 1.15 A are shown in Table 1. 


TABLE 1. OBSERVED AND CALCULATED INTERPLANAR SPACINGS FOR FERRITUNGSTITE, 
INDEXED ON A TETRAGONAL CELL 


CuKe radiation, \= 1.5418 A* 
Dia. of camera=114.59 mm. 
d 


I Measured Calculated hkl 
10 5.94 5.92 101 
9 3.10 3.10 301 
2.968 311 
10 2.966 2970 202 
2.572 222 
6 2.572 2.570 400 
2362 103 
3 2.361 2359 411 
2.298 420 
1 2.294 $2209 331 
2302 113 
1 2.101 2.099 402 
1.979 501, 431 
° 1.979 1.980 303 
1820 004 
1.619 1817 440 
. 1.738 1.739 413 
i 1.625 1.626 442 
1.569 433 
° 1.569 1.568 541 
1550 602 
( see 1.551 513 
1.485 404 
5 
: eS 1.484 622 


* CuKai (A= 1.54050 A) radiation for interplanar spacings below 0.8739 A. 
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TABLE 1—(continued) 


d(A) 
vA Measured Calculated hkl 
: 1.440 701 
1.441 1.442 105 
; 1.340 305 
1.341 1339 543 
‘ 1.286 444 
1.286 1.285 800 
, 1.2 415 
2 1.257 11.256 741, 811 
1 1.188 1188 435, 505 
1.180 515 
: 1.180 733 
1.180 1.179 751 
{1-179 822 
1.149 662 
4 saat {1.151 226 
2 1.129 
2 1.079 
3 1.051 
2 1.035 
3 0.9948 
6 "9902 
1 9602 
1 "9285 
1 9105 
3 8989 
1 8739 
6 3700 
4 "8575 
2 3492 
2 8270 
4 "8139 
2 7871 
6 7350 
6 7758 


There are still certain features of ferritungstite that, in light of our 
present knowledge of the mineral, are difficult to explain. The odd num- 
ber of large WO¢ groups in a tetragonal mineral and the discrepancy 
between measured and calculated specific gravity necessitate definition 
by single-crystal and other studies when suitable material is found. 
Still another problem is the presence of ferrous iron in a mineral sup- 
- posedly deposited in an oxidizing environment. 


_ Physical and Optical 


Ferritungstite occurs as a bright-yellow ocherous powder lining and 
filling cavities in the limonitic gossan. Ferritungstite is tetragonal (Fig. 
1); crystals dipyramidal, some exhibiting prismatic faces, and also com- 
monly in small fibers. The crystals and fibers are translucent, have 
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Fic. 1. Ferritungstite crystals. (A) Normal to c-axis showing four tetragonal pyramid 
faces. (B) Crystal resting on pyramid face showing dipyramidal character. 


exceedingly high relief and are very small; the largest single fragment 
observed was approximately 0.025 mm. in diameter. The optical char- 
acter and exact indices of refraction were not measurable because of the 
minute size of the crystals, but is between 2.09 and 2.15. The specific 

; gravity of the analyzed sample, determined with a fused silica Adams- 
Johnston pycnometer is 4.89; after correcting for approximately 6.5 
per cent quartz as an impurity, the probable specific gravity of ferritung- 
stite is 5.2. 


Chemical 


A 500 mg. sample was carefully hand-picked for chemical analysis 
(Table 2). The derived formula is CagFegt*+Feot*++(WO,)7:9H2O. Ferri- 
tungstite is decomposed with difficulty in hot HCl. 

Briefly, the analytical procedure used was as follows: water, tungsten, 
total iron, and calcium were determined on one portion, and ferrous iron 
and insoluble material on another. Water was determined by measuring 
the loss of weight when the sample was ignited, with subsequent correc- 
tion for oxidation of divalent iron. The sample was then fused with 
sodium carbonate, leached with water, and filtered to separate the 
tungsten from the iron and calcium. Tungsten was determined polaro- 
graphically in a supporting electrolyte of 4.5 molar hydrochloric acid and 
0.1 molar tartrate. The total iron and calcium were determined according 
to the usual gravimetric procedures for silicate rocks. The sample for the 
divalent iron determination was boiled gently for 3 hours in 10 ml. of 
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TABLE 2, CHEMICAL ComposITION OF FERRITUNGSTITE FROM NEVADA 


Chemical _— Recalculated Mole aheoreucal 
analysis to 100% ae ratios rapes 
composition 
WO; 67.70 72.61 0.3131 6.8 (eats) 
FeO; 6.84 TERR) 0.0459 1.0 7.26 
FeO 6.07 6.51 0.0906 2.0 6.52 
CaO 5.62 6.03 0.1075 2d 5.10 
HO 7.01 Vighy 0.4178 9.0 Tot 
SiO» (quartz) 6.56 
Total 99 .80 100.00 100.00 


Formula: CagFeot*Fest**(WO,)7 f 9H2O. 


concentrated hydrochloric acid under an atmosphere of carbon dioxide. 
After cooling, the divalent iron was titrated with permanganate in 5 
per cent sulfuric acid containing about 10 per cent Zimmerman-Rein- 
hardt solution. The solution was then filtered through a sintered glass 
- crucible, the tungstic acid dissolved with ammonium hydroxide, and the 
residue weighed as insoluble material. 

Trace amounts of lead, strontium, magnesium, sodium, potassium, 
copper, manganese, titanium, and uranium are also in the sample. 

The chemical formula given in this note is at considerable variance 
with that originally presented by Schaller. The research reported here 
shows that Schaller analyzed a mixture of ferritungstite and jarosite. 
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STORAGE OF ENERGY IN METAMICT MINERALS* 
SHELDON F. Kuratu, Department of Chemistry, University of Wisconsin. 


ABSTRACT 


A number of radioactive minerals have been studied by means of differential thermal 
analysis. The amount of heat evolved in heating under nitrogen and the radioactivity of 
these minerals have been quantitatively determined. 


Metamict minerals are capable of storing appreciable quantities of 
energy from radioactivity in the form of atomic displacements within the 
crystal. These minerals which were originally crystalline, have had their 
crystal structures partially destroyed by the radioactive disintegration 
of uranium, thorium and their radioactive decay products which are 
present in the mineral. The fast moving alpha particles and recoiling 
parent nuclei interact with the atoms present at the lattice sites, displac- 
ing them and causing the partial disordering of the crystal structure. 
Accompanying this rearrangement of the crystal lattice is the storage of 
energy together with marked changes in the physical and optical prop- 
erties of the minerals. 

If the disordered crystal is annealed by raising the temperature, the 
original crystal structure is reconstituted with the evolution of heat. 
Faessler, in making a calorimetric study of the mineral gadolinite, ob- 
served the evolution of heat amounting to 89.1 cal./gm. (2). Kerr and 
Holland (4) also noted the evolution of heat in performing thermal analy- 
sis experiments on davidite, fergusonite, priorite and other metamict 
minerals. 

Morehead and Daniels (5), using differential thermal analysis, re- 
ported the evolution of heat amounting to 25 cal./gm. for one polycrase 
mineral. The experimental work described herein is an extension of this 
work, carried out with improved apparatus, in an attempt to find still 
larger quantities of stored energy. 


DIFFERENTIAL THERMAL ANALYSIS 


The theory underlying the use of thermal analysis to determine heats 
of reaction is discussed by many investigators (5, 9, 10, 13). Two samples 
are placed in adjacent holes within a metal sample block. One sample is 
thermally active, (i.e. exhibits an absorption or evolution of heat) the 
other is thermally inert. Both samples are then heated at a uniform rate. 
If heat is absorbed by the active sample, by fusion or a polymorphic 
transition, the temperature will fall below that of the inert material. 


* More complete details of this investigation may be obtained from the Ph.D. thesis of 
Sheldon F, Kurath filed in the library of the University of Wisconsin, 1953. 
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Such temperature differences, measured with a differential thermocouple, 
appear as minima in the curve when plotted against the temperature. 
Similarly the evolution of heat from a chemical reaction or the release 
of energy stored in the displacement of crystal units will place the active 
sample at a temperature higher than the inert sample and give a maxi- 
mum in the curve. Such maxima and minima are shown in the differ- 
ential thermal analysis (DTA) curves of Fig. 1. The areas under the 
peaks are proportional to the heat evolved (10). 


Sample No. B 


Relative Light 
Intensity Of 
Calcite Adjacent 
To Mineral 


Sample No. D 


Relative Light 
Intensity Of 
Calcite Adjacent 
To Mineral 


TEMPERATURE DIFFERENCE FOR DTA. 
OR (CHART DEFLECTION I-UNIT=4 Cm.) FOR TL 


fe} 100 200 300 400 500 600 700 
TEMPERATURE °C. 
DIFFERENTIAL THERMAL ANALYSIS CURVES FOR ELLSWORTHITE AND 
THERMOLUMINESCENCE CURVES FOR ADJACENT CALCITE 


Fic. 1 


EXPERIMENTAL 


The apparatus used in this investigation is similar to an improved 
differential thermal analysis apparatus developed by Whitehead and 


Breger (11). A small stainless steel cylinder 1” by }” in diameter contained 


two holes ~” in diameter which served as sample holders. One hole is the 
holder for the thermally active material and the other contains thermally 
inactive alumina. A thermocouple, placed in a small hole between the 
two sample holes, serves to measure the mean temperature of the sample 
holder. The temperature difference betweeen the inert and active samples 
is measured by means of a chromel—‘‘P”’—alumel differential thermo- 
couple. The out put potential from the differential thermocouple is 


fed in to a Liston Becker Model 14 D.C. amplifier. After amplification, 
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the potential is recorded on a Brown Model 142 two-pen continuous 
potentiometric recorder. The differential temperature and the tempera- 
ture of the sample holder are recorded simultaneously. The sample holder 
is heated by means of a nichrome wound alundum tube furnace. Both 
sample holder and furnace were constructed to fit inside of a heavy steel 
cylinder. The cylinder was made so that it could be evacuated, purged 
with nitrogen and then operated under nitrogen at reduced pressures. 

The most convenient manner in which to evaluate the area under the 
thermal analysis peaks, is to run heating curves on substances having 
known melting and inversion points. If the weight of the sample and the 
heat of fusion are known, the area under the curve can be evaluated in 
terms of cal./cm.* /gm. as described by other authors (1, 5, 12). The 
sample weights ranged from 0.1 to 0.01 g. The following materials whose 
heats of fusion are well known were used for calibration in the present 
work; Bi, Pb, anhydrous CdCls, PbIs, Zn and Al. 

All samples were heated from room temperature up to 700° C. under 
nitrogen at reduced pressure, (10 mm). Mineral samples which had been 
annealed for reference material under nitrogen at 700° C. to remove 
exothermic maxima or peaks in the DTA curves were also analyzed 
thermally. The differential thermal analysis curves of both active and 
annealed samples were then compared before determining the area under 
the peaks of the active samples. 

Measurements of the radioactivity exhibited by the minerals were also 
carried out. The apparatus used in radioactivity measurement included 
a scaling unit model No. 162 made by Nuclear Instruments and Chem- 
ical Corporation, and was equipped with a radiation counter type D-33 
operated at 1200 volts D. C. and having a mica window with a stopping 
power of 3.5 mg./cm?. Samples were placed 0.2 mm. from the mica 
window of the geiger tube. Checks were made with scintillation counters, 
sensitive only to alpha particles, to convert the readings into alpha ray 
activity. The alpha activity of these minerals, which are in radioactive 
equilibrium, was from j to % of the total activity determined by geiger 
counting. The alpha activity was estimated by multiplying the geiger 
count values by the appropriate factor. 


RESULTS 


The results of thermal analysis experiments and radioactivity meas- 
urements are presented in Table 1. The temperatures at which DTA 
peaks were observed are reported along with the heat evolved or ab- 
sorbed. The radioactivity is reported in terms of alpha counts/min./cm.’ 
emitted from the surface of the sample. Typical differential thermal anal- 
ysis curves are shown in Fig. 1 for several samples of ellsworthite. 
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TABLE 1. RADIOACTIVITY AND STORED ENERGY IN MEeTAMICcT MINERALS 


Sample 


Ellsworthile 
Aa 
Be 


G 


DP 


Fergusonite 
Ac 


Bae 


Ce 
Die 
Ef 


Peak 
temperature °C, 


none 
flat 
112-512" Ce 
197 
302 
405 
608 


215 
395 
615 


680 
543 


210-417° 
440 


Heat evolved 
cal./gm. 


See a ee ee onan  e SS CU ee ae tS ee 


Total 


Total 


Total 


Total 


Total 


Total 


none 


PR 
WwW Ue 
m Oo WI © 


| 


an 


to 
onune 
wow 


: | 
“I 
~ 


_ 
aS 
oo 


on 
wmawrs 
eS) 


iS) 


—_ 


ie) 
NaS) 
ors 


as 
Oo 
‘o 8 


| 
\O bd 
> 


Radioactivity a 
counts/min./cm? 


2,170 
2,220 


2,200 


2,280 


1,080 


900 


770 
700 
800 


150 


@ Samples from MacDonald Mine, Bancroft, Ontario, collected by Dr. D. F. Saunders. 
> Examined by «#-ray and found to yield no «-ray diffraction pattern. 


¢ Sample from Dr. J. C. Rabbitt of the U. S. Geological Survey. 
4 Examined by x-ray and found to yield no x-ray diffraction pattern. 
e From J. J. Goll Mine, Madawaska, Ontario. 


f Heat was absorbed instead of evolved. 


£ From Baringer Hill, Texas, collected in 1902 by Marshall Hanks. 
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TABLE 1—(continued) 


Sample Peak ; Heat evolved Radioactivity a 
temperature °C. cal./gm. counts/min./cm.? 
Sammarskite 
Ac 640 3.2! 1,000 
510 oe 
200 9.4 
Total 14.6 
Be 650 44.2 1,450 
Euxenite® 
610 32.8 1,900 
395 15.4 
305 0.98 
135 6.0! 
Total 48.2 
Exchynite-priorite® 515 46.3 870 


Ellsworthite: Experimental data on four samples of ellsworthite 
CaO-Nb:O;:2H20) are given in Table 1. Typical DTA curves for samples 
B and D are shown in Fig. 1. They indicate evolution of heat at several 
different temperatures. Although the samples were obtained from the 
same locality and had similar amounts of radioactivity, they failed to 
yield the same peak structure in the heating curve. Surprisingly, sample 
A yielded no peak structure even though highly radioactive. The failure 
of this sample to evolve heat is probably due to the fact that the sample 
was not heated to a high enough temperature. Other investigators have 
noted exothermic peaks as high as 980° C. (4), but it was not possible 
with the present equipment to go above 700° C. In the case of sample C 
the differential thermal analysis yielded four distinct peaks. 

All of these samples were imbedded in salmon colored calcite which 
was found to exhibit a high degree of thermoluminescence. Thermo- 
luminescence glow curves labelled TZ are presented in Fig. 1 for the 
calcite adjacent to the ellsworthite for samples B and D as obtained with 
a photomultiplier tube. 

Fergusonite: Sample A was kindly given to us by Dr. J. C. Rabbitt of 
the U. S. Geological Survey. Three samples, B, C and D, were obtained 
from the J. J. Goll Mine at Madawaska, Ontario. Samples E and F were 
given to us by Mr. Marshall Hanks from a collection which he had made 
in a pegmatite cerium mine in 1902 at the Baringer Hill of Texas. 
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The results are given in Table 1. As in the case of ellsworthite, samples 
B, C and D from the same location yielded different thermal analysis 
peaks although they all had about the same radioactivity. Sample D 
showed no evolution of heat even though it was highly radioactive and 
metamict in character as shown by the absence of x-ray diffraction 
patterns. Presumably this sample would have yielded an exothermic 
heat of reaction at temperatures above 700° C. (2). Samples £ and F 
gave small endothermic peaks which may be due to dehydration. 

Samarskite, Euxenite-Polycrase, Eschynite-Priorite: A limited number 
of samples of other minerals were also found to evolve heat when their 
temperatures were raised. Two samples A and B of samarskite were 
kindly given to us by Dr. J. C. Rabbitt of the U. S. Geological Survey. 
The euxenite sample came from the MacDonald Mine at Bancroft, 
Ontario. The eschynite-priorite sample was given by Dr. J. C. Rabbitt. 
The results are presented in Table 1. All of these minerals were highly 
radioactive and evolved large amounts of heat during differential 
thermal analysis. As in the case of fergusonite, endothermic peaks may 
be traced to the evolution of water of hydration. 


Minerals Indicating No Energy Storage 


Two samples of allanite were found to have no stored heat releasable 
below 700°, even though they had radioactivity counts of 103 and 81 
counts/min./cm.” respectively. Two samples of cyrtolite yielded radio- 
active counts of 525 counts/min./cm.? and gadolinite and zircon had 
counts of approximately 50 counts/min./cm?. These minerals are found 
in the metamict state and probably have energy peaks well above 700° 
C. (4, 6). 

Several samples of purple fluorite showed no stored energy although 
nearly black in color. Uraninite (UOz) and xenotime similarly exhibited 
no stored energy. All these minerals had high alpha ray activity. These 
results support the generalization that highly ionic materials are not 
found in the metamict state. 


DISCUSSION 


The majority of the minerals exhibiting energy storage showed com- 
plex peak structures in the differential thermal analysis curves. The fact 
that all of these experiments were carried out in nitrogen, after previous 
evacuation, precludes air oxidation as a factor in these exothermic peaks. 
The appearance of a multiple peak structure can be compared with the 
mineral thorium silicate in which the appearance of several phases was 
noted (6). 

The low-temperature peaks are probably associated with the produc- 
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tion of crystalline components of the metamict mineral while the other 
components remain in their amorphous state. Similarly, the peaks which 
appear at the higher temperature correspond to the conversion of the 
other materials to their crystalline form or to the reaction of crystalline 
components with the surrounding isotropic medium to form an entirely 
crystalline medium. 

In some instances, no energy evolution was observed even though the 
mineral was highly readioactive. There are a number of explanations for 
this lack of heat evolution. In the case of zircon, gadolinite, and cyrtolite 
the energy evolution, in all probability, does not take place in the 
temperature range from room temperature to 700° C. It is known, for 
example, that gadolinite evolves energy in the neighborhood of 800° C. 
(4). This limitation to low temperatures probably accounts for the fact 
that one fergusonite sample which was known to be metamict, failed to 
evolve heat in these experiments. Other minerals may have been geo- 
logically too young to have sufficient radiation damage to detect and in 
other cases in which heat was not evolved the radioactivity may have 
been too low to cause appreciable structural damage (e.g. gadolinite, 50 
a counts/min./cm?). 

The data presented in previous sections may be used to estimate the 
time necessary for a mineral to become metamict. Making the qualified 
assumption that all the energy from radioactive decay is spent in dis- 
rupting the crystal structure, Pabst (6) estimated that it would take a 
sample of gadolinite (Ytterby), at least 110,000 years to become meta- 
mict. 

An alternate approach to estimating the time of metamictization is 
given in the following paragraph. A sample of powdered fergusonite in a 
deep layer in a 5.3 cm.? dish gave 3,580 alpha counts per minute. Assum- 
ing that the alpha particles have an energy of 5.0 mev with a range of 
3.5 cm. in air, that the ‘atomic number” of fergusonite is 70, that the 
density is 5.7 g. per cc. and that the ‘‘atomic number” and density of 
air are 7.2 and 1.23X10-% respectively, the range of the alpha particles 
in fergusonite is given by the relation 
3.5 X 1.23 X 10-7770 \2 

G2 ( 7.2 
It can be shown that 25 per cent of the alpha particles within 2.26 x 10 
cm. of the sample surface may escape to be counted (3). If all the alpha 
particles that escape the surface of the sample are counted, the alpha 
particles that are emitted per year per gram of sample may be estimated 
at 


=O On olcid:s 


range = 


3.580 X 60 X 24 X 365 


= = 1.10 X 10". 
0.25 X 2.26 X 10 X 5.3 X 5.32 


alphas/year/gm. 
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A 5 mev alpha particle will give about 10,000 electron-volts of energy in 
collisions and the recoil atom will transfer about 60,000 electron volts as 
collision energy making a total of 70,000 ev. (8). If all of the collision 
energy of the alpha particle and the recoil atom are stored, then every 
alpha count should represent an energy storage of about 70,000 ev. The 
rate of energy storage in the fergusonite sample is, therefore, 


Glo ee) 
1.10 x 10" x 7 & 104 * —————— = 2.95 X 10~ cal./gm./year 
% 108 XU X 1X ag 3c409 /gm./y 


where 1.6X10~2/4.18 X 107 is a factor to change electron volts per alpha 
particle into calories. Since the heat evolved upon thermal analysis was 
57.2 cal./gram, a minimum time for this highly radioactive mineral to 
become metamict may be estimated at 


Se = 198,000 years. 


This estimate is to be regarded as a minimum value because only part 
of the collision energy from the disintegration process will appear as 
stored energy, much of it being dissipated immediately as heat. Many 
metamict minerals have a considerably lower content of radioactive 
.elements and would require a much longer time than this to become 
metamict. Moreover, the efficiency of energy storage decreases as the 
mineral becomes more metamict and the crystal structure becomes more 
disordered. 

According to other views (7, 8), a 5 mev alpha particle and its recoil 
atom might produce less than 890 interstitial atoms and if each inter- 
stitial atom involves the storage of approximately 10 ev, there would be 
an energy storage of 8,900 ev per alpha particle. This value is considerably 
less than the 70,000 ev used in the preceding calculation and would lead 
to a much longer time requirement for metamictization. 

The fact that many of the highly radioactive minerals, which have 
reasonably simple crystal structures, do not store any energy in the 
crystal structures suggests that there is something about the complicated 
crystal lattices of the metamict minerals which holds a dislocated ion or 
atom of the lattice in its abnormal position so that the disorder will not 
be annealed out at earth temperature. 
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EFFECTS OF GAMMA IRRADIATION ON PHYSICAL PROPERTIES OF 
MINERALS 


MANUEL N. Bass,* Princeton University, Princeton, New Jersey. 


In connection with studies of radiation damage in zircons it became of 
interest to know the effects of various types of radiation on crystals. The 
present study sought to determine the effects of intense gamma irradia- 
tion on a number of minerals. 

Homogeneous-appearing mineral samples were selected and examined 
under the binocular and petrographic microscope in the search for pure 
specimens. Inclusions and bubbles could not be entirely avoided, espe- 
cially in quartz, fluorite and halite. Of the materials finally selected, a 
portion was powdered or otherwise prepared for measurement of physical 
properties. Parts of both bulk samples and powders were packed with 
glass wool in glass vials, corked and sent to Brookhaven National 
Laboratory. There they received 1.510% Roentgens of Co® gamma ir- 
radiation. Density of irradiated and non-irradiated portions of all 
“minerals tested and refractive index of most of them were measured. In 
addition, the 2V’s of the micas and the doo; dimension of lepidolite were 
measured. 

Densities were measured by a flotation method. After flotation of an 
80- 120-mesh powder of a mineral in a CCli-C:H2Br, mixture or Clerici 
solution, the density of the liquid was measured with a Christian Becker 
liquid-density balance which gives direct density measurements to 
0.0001 gm./cc. 

Refractive indices were measured in immersion liquids using a tem- 
perature-variation and a half-shadow method. Illumination was supplied 
by a sodium vapor lamp. The 2V’s of the micas were measured on a 
universal stage, and the do; dimension of lepidolite was measured with a 
North American Philips high-angle spectrometer using Fe Ka radiation. 

Experimental conditions were kept as constant as possible throughout 
all measurements in order to minimize systematic differences between 
measurements on irradiated and non-irradiated materials. 

Except for difference in color, no significant differences were detected 
between irradiated and non-irradiated samples (see Tables 1-4). 

Precision measurements by Frondel and Hurlbut (1955, p. 1216) 
showed that decolorization of smoky quartz by heating at 350° was 
attended by an increase in the indices of refraction. They (1955, p. 1217) 


* Present address: Dept. of Geology, Northwestern University, Evanston, Illinois. 
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stated that density changes attendant on decolorization of smoky quartz 
were unknown, but that Frondel had found earlier that the elastic 
constants of a particular sample had changed appreciably upon de- 
colorization. The color of all glass specimens and all except one quartz 
specimen (amethyst) in the present study changed to brown or smoky 
(smoky quartz became smokier) as a result of gamma irradiation. These 
results suggest that changes in the physical properties of the samples 
used in the present study may have been induced by the irradiation, but 
that these changes were too small to detect with the techniques used. 

For each type of fluorite the apparent change of density was within 
the assigned experimental uncertainty, but in each case the density de- 
creased slightly between 0.001 and 0.003 gm./cc. 

Muscovite showed an apparent increase in density and the overlap 
of the ranges of error of the two measurements was very small. The 
results on biotite and lepidolite suggest that the result on muscovite 
was not significant. 

Lepidolite showed a significant apparent increase in density (ques- 
tioned value in Table 1). However, after remeasurement of densities of 
irradiated and non-irradiated lepidolite, the two values on non-irradiated 
material and the second on irradiated material lay within a range of 


TABLE 1. DENSITY AND REFRACTIVE INDEX MEASUREMENTS 


Non-irradiated Irradiated 
Mineral Refractive Refractive 
Density index Density index 
(+0.0003) (+0.0003) 
Colorless fluorite 3.187 +0.005 1.4337 3.183 40.0035 1.4337 
Blue fluorite 3.185 +0.003 1.4336 3.184+0.002 1.4337 
Blue-green fluorite 3.186+0.003 1.4339 3.183 +0.0035 1.4336 
Pink fluorite 3.187 40.0005 nee 3.184+0.002 1.4338 
Halite 2 .164+0.004 1.5439 2.162+0.001 1.5440 
Colorless quartz 2.655 +0.0055 1.5440* 2.650+0.0035 1.5442* 
Amethyst 2.651+0.0035 1.5441* 2.651+0.002 1.5441* 
Rose quartz 2.650+0.002 1.5441* 2.650 +0.003 1.5442* 
Epidote 3.467 +0.005 3.465 +0 .004 
Allanite 3.618+0.013 3.606+0.007 
Muscovite 2.847+0.005 ca. 1.596 2.854+0.003 
Biotite 2.884+0.0035 ca. 1.600 2.884+0.002 
Lepidolite 2.846+0.006 ca. 1.560 2.860+0.001? ca. 1.5595 
2.844+0.004 2.845+0.004 


* Omega index. 
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TABLE 2. 2V MEASUREMENTS 


Mineral Non-irradiated Irradiated 
Muscovite 43 .1°+0.4° 43 .6°+0.4° 
Biotite Cans 8.8°+0.5° 

7.3° £0.6° 
Lepidolite 472° +0.1° 443° =-0).2° 
44 .9°+0.4° 44.4°+0.1° 
43 .4°+0.1° 44° 5° 3:0.25 
32.2°+0.4° 


0.002 gm./cc. As a further check, 2V’s of several specimens of irradiated 
and non-irradiated lepidolite were measured (Table 2). Those of ir- 
radiated specimens were consistently about 44°; the non-irradiated 
lepidolite exhibited 2V’s ranging generally from 43° to 47°, but one 
flake showed a quite different 2V of about 32° (in some portions the 
flake showed a 2V of more than 43°). The doo: spacing of three specimens 
each of irradiated and non-irradiated lepidolite was measured on the 
assumption that a change in density would likely be reflected in this 
lattice dimension. All values lay in the range 9.93 to 9.94 A (see Table 3; 
note that, among non-irradiated specimens, that with a 2V of 32° 
showed the most anomalous value). It was concluded that no significant 
change occurred in the lepidolite. 

Observed color changes in those minerals in which it was discernible 
are presented in Table 4. Only the micas and the initially deeply colored 
allanite and epidote failed to show a noticeable change. 


CONCLUSION 


1.5X10° Roentgens of Co® gamma irradiation are insufficient to in- 
duce, within the limits of experimental error of the present study, sig- 
nificant changes in the density and refractive index of halite, fluorite, 


TABLE 3. LEPIDOLITE, doo (A) 


Non-irradiated 9.930 
9.939 (2V ca. 32°) 
9.934 

Irradiated 9.936 
9.936 


9.941 
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TABLE 4. CoLor CHANGES UPON IRRADIATION 
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Mineral 


Non-irradiated 


Irradiated (bulk) 


Irradiated 
(powder) 


Colorless fluorite 
Blue fluorite 


Blue-green fluorite 
Pink fluorite 


Halite 
Colorless quartz* 


Amethyst 


Rose quartz* 


Smoky quartz* 


Epidote 


Allanite 
Muscovite 
Biotite 
Lepidolite 

Vial glass 

Glass slide 
Pyrex(?) tubing 
Cover glass 


colorless 
light purplish blue 


light blue-green 
very light pink 


colorless 

colorless 

purple, somewhat 
variegated, light 
intensity 


light pink 

light gray-brown 

moderate to dark 
green 

dark brown or black 

colorless 

dark brown to black 

pink 

colorless 

colorless 

colorless 

colorless 


“pure” blue, moder- 
ate intensity 
bluish purple, moder- 
ate intensity 

deep blue-green 

purple with patches of 
blue like that of irra- 
diated colorless fluo- 
rite; moderate 
tensity 

deep brown 

brown (between irradi- 
ation smoky and ir- 
radiated rose in in- 
tensity) 

purple, variegated, 
moderate intensity 


in- 


brown (smoky), very 
intense 
no change 


no change 


no change 

no change 

no change 

no change 

deep brown 
deep brown 
moderate brown 
light brown 


very light blue 
very lightly colored 


deep blue-green 
(powder lost) 


brownish gray 

smoky (between ir- 
radiated smoky 
and irradiated rose 
in intensity) 

no visible change 


gray-brown (smoky), 
intense 

intensification of 
smoky color 

no change 


no change 


ETT 


* Relative intensities of brown color or smokiness in those quartzes showing it, from 
most to least intense: irradiated rose, irradiated colorless, irradiated smoky, non-irradi- 


ated smoky. 


quartz, epidote, allanite, muscovite, biotite and lepidolite; in the 2V’s 
of the three micas; and in the doo1 spacing of lepidolite. Color changes are 
quite striking in many colorless and light-colored minerals and glasses. 
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URANOTHORITE NEAR FOREST HOME, SAN BERNARDINO COUNTY, 
CALIFORNIA* 


D. F. HEWETT AND JEROME SToNE, U.S. Geological Survey, 
Washington, D.C. 


The intensive search for uranium in southern California during recent 
years is yielding discoveries of some uncommon uranium and thorium 
minerals, some of which occur under unusual or unique geologic environ- 
ments. The presence of uranium minerals near Forest Home, San Ber- 
nardino County, was brought to the attention of D. F. Hewett early in 
1955 by Pierre George, an amateur collector of minerals, of San Gabriel. 
After some preliminary tests of the materials collected by Mr. George, 
the area was visited by D. F. Hewett in April. Laboratory work by 
Jerome Stone and others of the U. S. Geological Survey has confirmed 
the presence of uranothorite and several other thorium-bearing minerals 
at several localities near Forest Home. 

Forest Home P. O. is on the south side of Mill Creek, due south of San 
Bernardino Mountain, in the principal valley that drains the south slopes 
of San Bernardino Mountain (Fig. 1). Eastward from Forest Home, the 
successive tributaries of Mill Creek from the north are Lost Creek, 
Alger Creek, and Falls Creek. The uranothorite locality is an opencut on 
the east slope of Alger Creek valley about 300 feet above the creek and 
about 3,000 feet north of the point where Alger Creek joins Mill Creek. 
A rough road follows Alger Creek to an ore bin, and a chute extends up 
the slope to the opencut. The opencut is about 30 feet long and it is 
limited by a vertical wall about 15 feet high. During 1954, a few tons of 
material, probably less than 10 tons, were sorted and shipped for its con- 
tent of uranium. The names of the owners or shippers are not known. 

At another locality, higher on the ridge west of Alger Creek, several 
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prospect pits have yielded similar material but no ore has been shipped; 
several claims have been located by Mr. Gilliam and associates of Rialto, 
Calif. 

The eastern half of the San Bernardino Mountains is within the San 
Gorgonio quadrangle, the geologic features of which have been studied 
and described by Vaughan (1922). According to Vaughan, Mill Creek 
valley coincides with a large fault, one of the San Andreas fault zone. 


f Re Mt San 
SAN a Vy ra f “ ““Gorgonio 


BERNARDINO 
7 REDLANDS 
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| ras ey a Sarva Saves Pee 


X Uranothorite Locality 


Fic. 1. Index map of Forest Home Area, San Bernardino County, California. 


San Bernardino Mountain lies within an area about 4 by 7 miles, north 
of the fault, underlain by probable Precambrian ‘“‘undifferentiated 
schists,” which range from thinly laminated biotite schists to fine- 
grained gray granite gneiss. Along Alger Creek, the lamination trends 
west to northwest and dips southwest to steeply northeast; at the open- 
cut east of Alger Creek, the strike of the lamination is N. 30° to 40° W. 
and the dip is 35° to 40° SW. ; 
The large body of schist and gneiss which includes San Bernardino 
Mountain is surrounded by and probably underlain by younger “‘hetero- 
geneous plutonic rocks’’ of undetermined but probably Mesozoic age. 
These rocks have not been found along Alger Creek and Lost Creek. 
Cactus granite (Vaughan, 1922), probably of Jurassic age, underlies 
large areas on the north slopes of the San Bernardino Mountains, but 


is not known along Alger Creek. 


® 
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On the ridges east and west of Alger Creek, the prevailing gray granite 
gneiss is sporadically replaced by reddish-brown feldspar in such a 
manner that specimens of the resulting rock resemble pegmatite. These 
bodies of rock, however, do not have the sharply defined boundaries 
commonly shown by bodies of pegmatite. In the opencut east of Alger 
Creek, the body of reddish-brown feldspathic rock is roughly lenticular 
with the larger dimensions parallel to the lamination of the gray granite 
gneiss; the maximum thickness is about 15 feet. The borders of this lens 
are not sharp but show gradual transition into the gneiss, All urano- 
thorite thus far found is within the reddish-brown feldspathic rock; at no 
place nearby is the gneiss radioactive. 

The explored body of reddish-brown rock is largely feldspar and quartz, 
but it contains sporadic poorly defined lenses of dark minerals. The most 
abundant feldspar is microcline, but a little orthoclase and microperthite 
are widespread; a little sodic plagioclase also is present. Curved laminae 
composed of plates of biotite are present in the feldspathic rock. The 
most abundant dark mineral is magnetite in lenticular aggregates of 
small grains; ilmenite has not been noted. Intimately associated with the 
magnetite are small crystals and grains of allanite, uranothorite, and 
zircon. The quantities of dark minerals in the feldspathic lens vary 
greatly from place to place. Some layers are wholly magnetite and show 
no radioactivity; other layers, an inch or more thick contain as much al- 
lanite and uranothorite as magnetite. 

Allanite was identified by an x-ray diffraction pattern; a spectrographic 
analysis by K. E. Valentine of the U. S. Geological Survey is as follows: 

Over 10 per cent—Si 
5-10 per cent—Fe, Ce 
1-5 per cent—La, Nd, Al, Ca 
0.5-1.0 per cent—Pr, Th 
0.1-0.5 per cent—Mn, Y 


This mineral has a high magnetic susceptibility and was therefore 
easily removed from the sample. All of the allanite was concentrated in 
the magnetic fraction of the Frantz isodynamic separator at vertical and 
horizontal settings of 10 degrees and 0.3 ampere. 

Uranothorite is dark brown and has a greasy to adamantine luster. 
It has a mean index of refraction of 1.79. The magnetic susceptibility 
of uranothorite and zircon were about the same, because they were 
concentrated in the magnetic fractions at the vertical and horizontal 
settings of 10 degrees and 0.7 ampere. Superficially the two minerals have 
a similar physical appearance, but uranothorite is dark brown and com- 
monly occurs as anhedral grains and subhedral crystals; zircon is pale 
brown and occurs as small subhedral to euhedral tetragonal prisms in ag- 
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gregates of magnetite, allanite, and biotite. The uranothorite was hand- 
picked and identified by an x-ray pattern. A spectrographic analysis by 
Helen Worthing of the U. S. Geological Survey is as follows: 
Over 10 per cent—Si, Th 
5-10 per cent—U 
1-5 per cent—Al, Fe, Pb 
0.1-1.0 per cent 


Recently, Neuerberg (1954) has described the mineralogy and features 
of a large pegmatite dike that crops out on the south wall of the South 
Fork of Pacoima Canyon, Los Angeles County, Calif., about 90 miles 
west of the Alger Creek deposits. The pegmatite in Pacoima Canyon 
contains an assemblage of minerals similar to that here described, in- 
cluding very large euhedral crystals of allanite and zircon, and much 
smaller crystals and grains of uranothorite; it also contains sparse grains 
of beryl and apatite which are not recognized at Alger Creek. In con- 
trast, however, the pegmatite in Pacoima Canyon presents definite, 
sharp boundaries to the host rock, norite, which is a border phase of a 
large mass of anorthosite, whereas the Alger Creek body is much smaller 
and shows transitional boundaries to the host rock, granite gneiss. 
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IDENTIFICATION OF THE 14 A CLAY MINERAL COMPONENT 


Tsuneo Tamura, The Connecticut Agricultural Experiment Station, 
New Haven, Conn. 


In clay mineral identification an 00/ spacing of 14 A which does not 
expand with glycerol treatment is attributed to chlorite and/or vermic- 
ulite. Differentiation is accomplished in several ways; one is based on the 
collapse of the 14 A spacing to 10 A when vermiculite is saturated with 
potassium. It has been reported that vermiculite found in some soils 
resists collapse by this method when a salt such as KCl is used. Collapse 
has been achieved when hot KOH+KCI or NHuF were used (2, 4). How- 
ever, both treatments are relatively drastic. Rich (4) reports that NH«F 
should be limited to five minutes to minimize clay destruction and that 
prolonged treatment with KOH-+ KCI was also found to be destructive. 
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Since the soils of New England contain high amounts of the 14 A 
component which resists collapse with KCl treatment, studies were 
conducted to characterize this component as well as to develop a pro- 
cedure which would be less destructive than the NHiF or KOH+KC1 
treatment. The results obtained thus far are highly significant in identi- 
fying the 14 A component found in these soils and should caution against 
the use of NH4F or KOH+KCI. 

Only the clays in the two lower horizons of a New Jersey Brown Pod- 
zolic soil (Table 1) exhibited an 18 A spacing diagnostic for montmorillo- 
nite after treatment with calcium chloride and glycerol with and without 
free iron oxide removal. Heating the clays at 100° C. with N KCl gave 
the same results except that the montmorillonite clay showed a 14 A 
spacing. Applying the NHiF+KClI treatment used by Rich (4), the 
clays showed varying degrees of collapse. The montmorillonite sample 
showed complete collapse to 10 A. With the exception of the montmoril- 
lonite-containing horizon, the mineral identification would be that the 14 
A component is a vermiculite-chlorite interstratified system. Heating the 
clays to 550° C. showed that spacings greater than 10 A were still present 
thus confirming the chloritic component. 

_ Evidence thus far obtained on these clay systems points to hydroxy 
aluminum (Al(OH):* type) compounds as being responsible for non- 
collapse of vermiculite (4. 5). On this basis the beneficial action of OH- 
and F~ ions is apparent. It was further reasoned that the citrate ion 
should also complex the alumina; preliminary tests on these clays con- 
firmed this reasoning (5). 

Although the free oxide removal treatment used on this system con- 
tained sodium citrate as a compound, tests showed that the clays did not 
change in spacing but the intensity of the patterns were increased. 
Significantly Barshad (1) has shown that the free oxide removal treat- 
ment employing citrate improved the sensitivity of «-ray diffraction 
identification of clay minerals. These clays then were treated for three 
hours in N potassium citrate (pH=7.3); no changes were noticed in 
spacing characteristics. However, when N sodium citrate (pH =7.3) was 
used with calcium saturation and glycerol treatment, the clays from 
Connecticut and New Jersey expanded; the spacing ranged from near 
complete conversion to 18 A in the New Jersey soil to 14-18 A range in 
the Connecticut Brown Podzolic soil clays. This series of tests show that 
the 14 A component is a montmorillonite-chlorite interstratified system. 

These series of tests should caution against the use of NHiF or KOH 
treatments as diagnostic for vermiculite if preliminary tests show non- 
expansion of the 14 A component with glycerol. Since NHiF and KOH 
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TABLE 1. Errect OF VARIOUS TREATMENTS ON THE EXPANSION AND CONTRACTION OF 
THE 14 A Component; Data TAKEN FROM FREE Oxipe REMOVED 50 Mcu SAMPLES 


The saturating salt, complexing anion and glycerol applications are listed in order 


Source and CaCls KCl KCl NHyF+KCl K-citrate CaCl CaCl.* 
depth Fluoride citrate citrate citrate 
(inches) 0.1 gm. 0.1 gm. O.1gm. O1.gm. 0.1 gm. 
Hartford Co. 
Connecticut 
0-3 14 vst 14 vs 14s — 145 18m 14w 
14 m> 10 m> 
3-8 14 vs 14 vs 145 14m 145 18 m 14 w 
10 mw? 14 m> 10 m> 
8-18 14 vs 14 vs 14s 14m 14s 18 m 
10 m> 14 m> 
18-28 14 vs 14 vs 14s — 145 18 ms 12 w 
14 m> 10 m> 
28-48 _ 14 vs 14s — 14s 18 m 14 w 
14 m> 10 m> 
Essex Co. 
New Jersey 
3-4 14 vs 14 vs 14s 14.w = — == 
12 m> 
4-8 14 vs 14 vs 145s 14 w 14s 18 m 14m 
10 we 14m 10 m? 
8-16 14 vs 14 vs 14s 14.w 145 18 ms — 
10 m> 14 .w 
16-30 18 vw 14 vs 145 - 14 ms 18 ms 14 vw 
14s 10 vw 14w 10 m 
30-40 18s 14 vs 18 vw 10 ms 14m 18s 12 vw 
14s 10 w? 10s 
40-54 18s 14 vs 18 m —- 14m 18s — 
14m 10 w? 


* This sample is the same sample used in the previous column except that it was heated 


for 2 hours at 550° C. 
+ v=very; s=strong; m=medium; w=weak; b=broad spacing; these letters refers 


to the intensities of the diffraction maxima and the character of the maxima. 
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have been used to identify dioctahedral vermiculites, identification would 
be tentative until the above tests with citrate or its equivalent are made. 
The “non-expanding” montmorillonite of these soils verifies the labora- 
tory synthesis of this type of mineral by Caillere and Henin who used 
magnesium saturated montmorillonite made basic with ammonia and 
dried at 1000° C. (3). 

The importance of this identification is exemplified by considering the 
New Jersey profile. With the identification of montmorillonite below 30 
inches, it was difficult to consider the solum as being derived from the 
underlying material if the 14 A component was concluded to be vermic- 
ulite. However, with the identification of the component as mont- 
morillonite, the pH, base saturation, and clay content can be correlated 
with the existing information on the genesis of this soil. A detailed report 
of this investigation will be reported later; this note emphasizes the 
necessity of testing for expansion even though preliminary tests may 
show non-expansion before concluding that the 14 A mineral is vermic- 
ulite. 
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USE OF THE TERM “ALTERITE”* 


DorotHuy CaArro_., U.S. Geological Survey, Beltsville, Md. 


Some Dutch mineralogists use the term ‘‘alterite”’ for those mineral 
grains which are difficult to identify because their optical properties have 
been changed or altered by weathering processes. Thus, in describing 
the size-frequency distribution of some heavy minerals from the Rhine 


* Publication authorized by the Director, U. S. Geological Survey. 
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near Wageningen, the following minerals are listed by Van Andel (1952, 
p. 22)—garnet, epidote, alterites, blue-green hornblende, and augite. 
In his description of the minerals in the Rhine region Van Andel (1952, 
p. 45) defines alterites as “very fine-grained aggregates of unknown 
composition. They have probably originated by the alteration of various 
minerals. In some cases this can be proved by the existence of transitional 
forms. The word must be understood as a group name that has no 
mineralogical significance.’’ He goes on to give diagnostic features of 
alterites such as roundness, lack of extinction between crossed nicols, 
interference colors evenly gray or variegated, specific gravity +3.1. In 
general, ‘‘if more than { of the grain has been altered, it has been called 
alterite”; further, ‘‘coarse aggregates of epidote in which the individual 
crystals can still be distinguished, are also called alterites if the particles 
are not uniformly oriented.”” Van Andel (1952, p. 46) then describes a 
number of different kinds of alterites which have been recognized:— 
aggregate-alterite (with transitions to epidote alterite), epidote-alterite, 
hornblende-alterite, augite-alterite, saussurite. 

Recently in North American literature the term alterite has been 
introduced by Groot (1955) in his study of the Cretaceous rocks of 
northern Delaware. In his Table IV (p. 32) ‘‘alterites’”’ are listed with 
other heavy minerals in the various formations. The average content of 
“alterites’’ based on grain counts, rises to 34 per cent in the Patapsco 
and Raritan formations, 8 per cent in the Mt. Laurel and Navesink 
formations and 12 per cent in the Magothy formation. Such grains are 
present in all the Cretaceous formations examined. In Table III (1955, 
p- 30) ‘“‘alterites” are given as characteristic of the mineral suites of the 
Patapsco and Raritan and the Patuxent. Figure 4 (1955, p. 38) shows 
very clearly the proportion of ‘‘alterites’”’ in the heavy mineral suites of 
the Patuxent, Patapsco and Raritan formations and Pleistocene de- 
posits at New Castle, Delaware. However, Groot gives no definition of 
the term “‘alterite.”’ 

In a paper on ‘Lower Cretaceous heavy mineral suites from the New 
Jersey and Pennsylvania subsurface’? presented by McCallum at the 
southeastern section meeting of the Geological Society of America in 
March, 1956, “alterite’’ was listed among the heavy minerals, similarly 
with no definition or explanation, though such may well appear in the 
published paper. 

It is felt that use of the term ‘‘alterite’’ merely obscures facts of 
mineralogical significance and that every effort should be made to iden- 
tify such mineral grains as completely as possible. 

Van Andel’s list (0. cit., p. 46) contains minerals that are low on all 
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mineral stability lists (Pettijohn, 1949, p. 380-382), and are exclusively 
ferromagnesian in composition with the exception of saussurite, which is 
a feldspar mass more or less completely altered to a mixture of zoisite, 
new feldspar, actinolite, chlorite, etc. In any heavy residue containing 
ferromagnesians, grains of “alterite” are likely to be found, but it serves 
no useful purpose to hide their real identity under this name, even though 
identification may be difficult. If, for example, a heavy residue consists 
largely of transported epidote, such as occurs in a stream sand near its 
source of supply, among the fresh epidote grains there will be many 
which can be called alterite-epidote, and all stages between fresh epidote 
and very much altered epidote can be recognized. The composition of 
such a residue could be stated to be 25 per cent epidote and 50 per cent 
“alterite’ but it would have much greater mineralogical accuracy to 
state the epidote content as 75 per cent. If “‘alterite”’ is to be used at all 
as a descriptive term, its parent mineral should be stated, but it is prefer- 
able to list such grains as altered epidote, or merely to include this altered 
epidote in the total epidote percentage and to describe the optical char- 
acters leading to the identification. Altered grains of amphibole, pyrox- 
ene, epidote, biotite, chloritoid, and andalusite observed by the writer 
, are recognized by their variation in optical properties. In strongly 
weathered soils, for example, amphibole may have been changed to a 
chloritic or micaceous substance which has the same general appearance 
as the unaltered mineral but has a lower index of refraction and bire- 
fringence. Many such grains do not extinguish under crossed nicols; 
others have a very low interference color and may even be isotropic. 
In biotite the interference figure is reduced or lost completely as described 
by Denison e¢ al. (1929), and the mineral, if colored, undergoes a loss of 
color. 

An interesting point about the presence of “‘alterites” in any heavy 
residue is that they indicate a stage in the removal of a mineral from its 
environment. Mineral suites obtained from river sands which are derived 
from freshly eroded rocks containing ferromagnesian minerals will 
generally contain altered grains, and it should be recalled that the 
Dutch mineralogists introduced the term for heavy minerals in river 
sands where source areas supplied ferromagnesian minerals in some 
quantity. 

The term “‘alterite’’ should not be used in the description of heavy 
minerals obtained from sedimentary formations or from unconsolidated 
deposits of any kind; there the name serves no useful purpose and ob- 
scures mineralogical facts. In the hands of inexperienced mineralogists it 
will merely be used as a “sack” term. 
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A NEW OCCURRENCE OF MILLERITE 


C. D. WoopHousE AND R. M. Norrts, University of California, 
Santa Barbara College, Goleta, California. 


INTRODUCTION 


A previously unreported occurrence of millerite and other associated 
nickel minerals was recently observed at the Klau quicksilver mine in 
the Santa Lucia Range, San Luis Obispo County, California (sec. 33, 
T 26S, R 10 E). The only other occurrence of millerite in the southern 
part of the state is described by Eckel eé al. (1941) from the nearby 
Libertad mine. 


GEOLOGIC SETTING 


Mineralization at Klau occurs along the Los Tables thrust zone, a 
major structural feature of this part of the coast ranges. At Klau the 
thrust zone is a mass of gouge and breccia nearly a thousand feet wide. 
Most of the gouge has been derived from the serpentines of the Francis- 
can formation which crop out on either side of the fault zone. Most of the 
brecciated blocks are shales and sandstones of probable lower Cretaceous 
age. The entire gouge and breccia zone as well as some of the adjacent 
rocks has been extensively altered by hydro-thermal action which has 
produced a silica-carbonate rock. 


MINERALIZATION 


The quicksilver veins at Klau exhibit several groups of minerals which 
are not commonly associated with cinnabar at other places in California 
and Nevada. Open cuts made during the past year provided much infor- 
- mation on the deposit and the sequence of mineralization. Most of the 
earlier workings had caved so badly that they were not examined. 

The following brief descriptions are confined to the minerals closely 
associated with the ore deposits and the gouge zone. The most striking 
mineral associations are found in the silica-carbonate masses in the main 
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vein and in the associated gouge. The shales and sandstones which occur 
as breccia fragments in the mineralized zone contain little of special in- 
terest. Mineralization seems to have occurred in three waves: First, 
quartz, sparse pyrite and very minor amounts of linnaeite were deposited. 
Second, chalcedony, millerite and some calcite were deposited. Third, 
and last, the deposition of cinnabar, sparse metacinnabar and marcasite 
occurred. The latter two minerals are closely associated with one another. 
Subsequently, the action of meteoric waters has produced an array of 
hypergene minerals including morenosite, bieberite, epsomite and a 
series of hydrous iron sulfates. 

Sheaves of slender millerite crystals occur in the chalcedony vugs and 
in some instances have attached euhedral cinnabar crystals. The cinnabar 
crystals are usually rhombic, quite clear and present a striking appear- 
ance with the brass yellow millerite and sparkling minute quartz crystals 
which line the vugs. In no instance are the millerite crystals more than a 
millimeter long, but their perfection and mode of occurrence make them 
ideal for micromounts. In addition, millerite occurs in quantity in the 
clay gouge adjacent to the vein together with the green alteration prod- 
uct, morenosite. In some instances, the morenosite gives the gouge a 
bright apple green color. The abundant millerite, surprisingly, seems to 
have gone unnoticed in earlier descriptions of the region and the moreno- 
site was called ‘‘unidentified sulfates of iron” (Forstner, 1903). 

Occurrence of bieberite in several specimens led to a search for the 
primary mineral, which proved to be linnaeite occurring as microscopic 
isometric crystals in the fractured vein quartz. Both nickel and cobalt 
are believed to have been carried by hydrothermal solutions from the 
serpentines during the formation of the vein system. 

Earlier reports on the district referred to all iron sulfides present as 
pyrite. This is, without doubt, an error because bulk of the observable 
mineral is marcasite. The crystals have a pale yellow color, a hardness of 
6+, an uneven fracture, and are commonly tabular cockscomb or spear- 
shaped twins. No marcasite was observed growing on the millerite fila- 
ments although millerite and cinnabar are intimately associated in 
this manner. It is quite likely that much of the marcasite is of supergene 
origin and was one of the last minerals to be deposited. Melanterite, the 
decomposition product of marcasite, is found as a coating on the walls of 
the underground drifts and the acid mine waters have the disagreeable 
odor of decomposing marcasite. 
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HYDROCUPRITE DISCREDITED! 


GEORGE Switzer, U. S. National Museum, Washington, D. C. 


The name hydrocuprite was proposed for a supposedly new mineral 
from Cornwall, Pennsylvania by Genth.? It was described by Genth as 
follows: 

“Peculiar orange-colored coatings associated with cuprite and magne- 
tite from Cornwall, were first noticed by Prof. W. Th. Roepper, of 
Bethlehem, who showed them to me several months ago. On a visit to the 
mines, a short time ago, I secured a considerable number of specimens 
from the ‘big hill’ at Cornwall, and proved them to be a new mineral.” 

‘“‘Amorphous; orange yellow to orange red; forms very thin, sometimes 
raglike coatings upon magnetite; soft.” 

“On heating looses water and becomes black; contains water and 
cuprous oxide. It is impossible to obtain from the quantity that I have 
noticed, enough for analysis; its composition is probably H2O, Cuz0.”’ 

This is the entire description of the mineral and no subsequent work 
has been done. In Dana’s ‘‘System of Mineralogy,” 7th edition, it is 
listed as an “‘ill-defined, supposedly amorphous, form of Cu,O with an 
indefinite amount of water.” 

Specimens in the U. S. National Museum labelled hydrocuprite from 
Cornwall, Pennsylvania, fit Genth’s description perfectly, and it seems 
quite certain that they are identical with his “‘hydrocuprite.” This mate- 
rial, on the basis of its x-ray powder photograph and optical properties, 
has been identified as cuprite, variety chalcotrichite. Likewise, speci- 
mens in the collection labelled hydrocuprite from Somerville, New Jersey, 
have been found to be cuprite. The indefinite amount of water found by 
Genth is not essential water, but rather is surface-held, due to the fine- 
grained, felt-like nature of the material. 

INTERNATIONAL UNION OF CRYSTALLOGRAPHY 
FourtuH GENERAL ASSEMBLY AND INTERNATIONAL CONGRESS 

The International Union of Crystallography has accepted the invitation of the National 
Research Council of Canada to hold its Fourth General Assembly and International Con- 

1 Published by permission of the Secretary, Smithsonian Institution, Washington, D.C. 

2 Genth, F. A., Prel. Rep. Mineral. Penn., 2nd Geol. Surv. Penn. Rept. of Progress, B, 
p. 46 (1875). 
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gress in Canada from the 10th July to the 17th July, 1957, followed by two Symposia on. 
the 18th and 19th. At the Congress papers will be presented on all aspects of Crystallo- 
graphic research; the subjects of the Symposia will be “Physical Techniques of Crystallo- 
graphic Interest” and “Electron Diffraction.” Through the co-operation of McGill Uni- 
versity and the University of Montreal, the meetings are being held in the City of Montreal. 
Technical excursions are being arranged. These include a four-day excursion to the iron 
deposits of the Labrador Trough, a two-day excursion to the asbestos and copper deposits 
of southeastern Quebec, and a seven-day excursion to the Bancroft and Sudbury areas in 
Ontario. 

The Canadian National Committee on Crystallography is acting as the Local Com- 
mittee of the Congress and has prepared a brochure giving details of the technical pro- 
gramme topics, and accommodation for the Congress. Copies of this have been forwarded 
to the Secretaries of the National Committees of the Member Countries of the Union. 
Copies may be obtained from them; from the General Secretary of the Union, Dr. D. W. 
Smits, Laboratorium voor Anorganische en Fysische Chemie, Bloemsingel 10, Groningen, 
The Netherlands; or from the Secretary of the Canadian Committee, Dr. W. H. Barnes, 
Division of Physics, National Research Council, Ottawa 2, Ontario, Canada (envelope to 
be clearly marked ‘‘Personal’’); or from the Chairman of the Programme Committee, Dr. 
W. N. Lipscomb, School of Chemistry, University of Minnesota, Minneapolis, U.S. A. 

The Secretary of the U. S. National Committee on Crystallography is Dr. G. A. Jeffrey, 
The Chemistry Department, The University of Pittsburgh, Pittsburgh 13. 


Wortp DIRECTORY OF CRYSTALLOGRAPHERS 


The International Union of Crystallography is considering the possibility of preparing 
a World Directory of Crystallographers. This list would contain the names and addresses 
of all practicing crystallographers, including advanced graduate students. It is planned to 
compile a preliminary list in time for the Fourth General Assembly to be held in Montreal, 
July 10-17, 1957. The secretaries of the national committees (Acta Cryst. 8, 857, 1955) 
have been asked to prepare a list of crystallographers in their countries. In many coun- 
tries a Crystallographic Society does not exist and the compilation of the list becomes dif- 
ficult. In certain instances a Crystallographic Society does exist, but some mineralogists, 
ceramists, biologists, etc., who carry on crystallographic work are not members and hence 
might not be listed in the directory. If there is a possibility that your name may not be 
included because your country does not adhere to the International Union of Crystallog- 
raphy, or you are not a member of your national Crystallographic Society, or the latter 
does not exist in your country, send your name and address to the undersigned as soon as 
possible. Please use English printed letters. 


WILLIAM PARRISH 
Philips Laboratories 
Irvington-on-Hudson, New York, U.S. A. 


Professor Arthur L. Parsons, President of the Mineralogical Society of America in 1929 
and former head of the Department of Mineralogy at the University of Toronto, died on 
Jan. 6,1957, at the age of 83 years. 


ERRATUM 


The mineral name niocalite is misspelled twice in the annual index of Vol. 41 of this 


journal, on page 969, and also in the “Contents of Volume 41” on page vi, in the November— 
December issue for 1956. 


NEW MINERAL NAMES 
Istisuite 


M. A. Kasuxar AND A. I. MaMepov, The new mineral istisuite. Doklady Akad. Nauk 
Azerb. S.S.R., 11, No. 1, 21-25 (1955), from an abstract by C. Guillemin in Bull. soc. 
franc. mineral. et crist., 78, 617 (1955). 


Analysis by F. I. Vekilovoi gave SiO: 47.69, Al,O; 3.94, Fe.O; 2.28, FeO 0.14, MgO 0.41, 
CaO 41.38, MnO 0.09, Na:O 1.13, H,O~ 0.02, H,O* 3.47, SO; 0.26; sum 100.81%, corre- 
sponding to (Na_s2Cag. 6s) (Siz.o7Alo, 93) O20.s(OH)s.21. Dissolves in HCI on heating. The mineral 
is monoclinic. The characteristic x-ray lines are at 2.919, 3.254, and 1.666 A. A D.T.A. 
curve shows an endothermic effect at 450°. The mineral is gray; it occurs in elongated 
prisms and in fibers. Occurs with wollastonite in the skarn zone near Istisu, Dalidag, Little 
Caucasus. 

MIcHAEL FLEISCHER 


Carobbiite 


H. Strunz, Carobbiit, ein neues Mineral. Rend. soc. mineralog. Ital., 12, 212-213 (1956). 


Carobbi, Atti accad sci., lettere e arti Modena, 14, 1-12 (1936), described small cubic 
crystals, 2=1.362, from cavities in lavas from Vesuvius, that were apparently KF. Strunz 
has re-examined this material and confirms the presence of colorless cubic crystals with 
cubic cleavage and »=1.362. X-ray powder photographs indicated a mixture, but 5 of 
about 30 lines were those of KF, ao 5.40 A. Spectrographic analysis showed K and a little 
Na; micro-chemical tests showed F and a little Cl. 


KF n=1.352, ao 5.34 A 
Carobbiite n=1.362, ao 5.40 A 
NaCl n=1.544, ao 5.64 A 


The name is for Professor Guido Carobbi, Institute of Mineralogy and Geochemistry, 


University of Firenze (Florence). 
M. F. 


Simplotite 


Mary E. Tuompson, Cart H. Roacsn, AND Ropert Mryerowi7z, Simplotite, new 
calcium tetravanadite from the Colorado Plateau. Science 123, No. 3207, p. 1078 (1956). 


Microchemical analysis on about 70 mg. (by R.M.) gave V2O, 67.7, V20; 0.5, CaO 11.6, 
HO 18.4, insol. 0.5; sum 98.7%. Qualitative spectrographic analysis by K.E. Valentine 
indicated Mg and Al 0.1-0.5%, and Na, K, Fe 0.05 to 0.1%. The analysis gives the formula 
CaV.09-5H.20. Simplotite is dark green, nearly black, in coarse aggregates to yellow-green 
in thin flakes. It is biaxial, negative, a=1.705, 8=1.767, y=1.769 (all +0.002), 2V about 
25°, X=b (yellow), Y (green), Z/A\c58° (green), dispersion r>v, weak and crossed. G.=2.64 
+0.02. Very soft. X-ray study by M. E. Mrose showed simplotite to be monoclinic, pseudo- 
tetragonal, space group C2/m. The unit cell has ao 8.39, bo 17.02, co 8.37 (all +0.02 A), 
6=90°25'+5’, Z=4, G. calcd. 2.65. Cleavage (010) very easy, micaceous. 

Simplotite occurs as hemispherical aggregates of platy crystals at the Peanut Mine, 
Montrose County, Colo., where it occurs as coatings on fractures in the ore-bearing sand- 
stone with duttonite, melanovanadite, native Se, and an undescribed V oxide. It has also 
been found at the Sundown claim, San Miguel County, Colo., the Shattuck-Den lease on 
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Club Mesa, and the J. J. Mine in Paradox Valley, both in Montrose Co., and the Vanadium 
Queen Mine, San Juan County, Utah. It is found in comparatively unoxidized ore, associ- 
ated with montroseite, paramontroseite, vanadiferous silicates, uraninite, and coffinite. 


The name is for J. R. Simplot, former owner of the Peanut Mine. 
M.F. 


Kupletskite 


E. I. Semenov, Kupletskite—a new mineral of the astrophyllite group. Doklady Akad. 
Nauk S.S.S.R., 108, 933-936 (1956) (in Russian). 


The mineral occurs in lamellar masses up to 5X3X1 cm. in size, consisting of individual 
plates with perfect cleavage on [100]; it also occurs as fine plates. Monoclinic (or triclinic 
with small departure from monoclinic symmetry). Color dark-brown toblack, streak brown. 
Hardness about 3. 

Analyses gave: 


1 2 3 

SiOz 32.60 33.54 _— 
TiOs 12.04 10.64 — 
ZrOz 1.19 none —_ 
Nb2O; 0.66 2.48 4.35 
Al,O3 1.68 1.00 — 
Fe.0; 7 80 — 

5.44 
FeO Sye8) — 
MnO 27.65 23.60 20.45 
MgO 2.98 1.63 —_— 
CaO 3.60 1.45 —_ 
BaO — 0.32 — 
K20 4.38 5.63 —- 
Na.O 2.14 2.14 — 
H,O* 3.83 3.90 
H,0- 1.08 0.80 = 
F 1e22, — = 

100.49 100.283 

—O=2F 0.51 

99 .98 
Sp. gr. 3.201 3.229 


Analyst T. A. Burova, V. A. Moleva. 


® Given as 100.18 in original. 


X-ray spectrographic analysis showed the presence of about 1% Sr, 0.2% Rb, 0.1% 
Ce, 0.1% Nd. Spectrographic analysis showed weak lines of Be, Zn, Ga, and Ta. The 
analyses agree well with the formula (K, Na)o, (Mn, Fe)4(Ti, Nb)SisO.,(OH)2 except that 
they give for K+Na 1.12 and 1.31 instead of 2. Kupletskite is therefore the manganese 
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analogue of astrophyllite; nearly the entire series from the pure Fe’’ end member to analy- 
sis no. 1 is known. 

X-ray powder data are given for kupletskite and astrophyllite; they are nearly identical. 
The strongest lines of kupletskite are in A., 3.505 (8), 2.642 (8), 2.573 (4). 

Kupletskite melts easily before the blowpipe to a weakly magnetic dark globule. The 
dehydration curve shows an endothermal break at 740-800°, probably due to melting. The 
mineral is soluble in acids. Easily alters to porous black manganese oxides. 

Kupletskite is optically biaxial, negative, 2V=79°, y=1.731, B=1.699, a=1.656 
(calculated). Strong dispersion, r>v. Pleochroic with Z brown to X orange-yellow. Elonga- 
tion positive. 

Kupletskite occurs in four pegmatites of the Lovozero massif of alkalic rocks, Kola 
Peninsula. It occurs mainly in a natrolite-rich central part of the pegmatites, associated with 
schizolite and neptunite, also in small amount in the border zone of the pegmatite in micro- 
cline and eudialyte which are associated with nepheline and aegirine, and also in small 
amount in the nepheline syenites themselves. 

The name is for the geologists Boris Mikhailovich Kupletsky and Elsa Maximilianovna 
Bohnshtedt-Kupletskaya. 

M.F. 


Hibonite 


HuBERT CuRIEN, CLAUDE GUILLEMIN, JEAN ORCEL, AND MICHELINE STERNBERG, 
La hibonite, nouvelle espéce minérale. Com pt. rend., 242, 2845-2847 (1956). 


The mineral occurs in hexagonal prisms flattened parallel to (0001) or in steep pyra- 
mids; the crystals are up to 4 cm. in largest dimension. The face (0001) is commonly 
divided into 6 sectors. Cleavage (0001) easy, parting on (1010). 

Fracture sub-conchoidal. Hardness= 73-8, G.=3.84, color brownish-black to black, red- 
dish-brown in thin fragments. Optically uniaxial, negative, #=1.807 +0.002,e=1.79+0.01; 
pleochroic with O brownish-gray, E gray. Analysis by Patureau gave SiO: 1.50, AleO3 
74.00, TiO. 8.50, FeO; 0.45, FeO 2.30, rare earth oxides 3.50, CaO 6.50, Mg 3.20; sum 
99.95%. Spectrographic analysis showed traces of Cu, Cr, Mn, and Na. The radioactivity 
is weak, corresponding to 1000 ppm Th or 100 ppm U. The analysis corresponds to (Cay. 61 
Ce etc. 0.31) (Also.31Feo.53Ti1.4sSi0.33Mgi.11)O37.9 or essentially CaAljOis. The mineral is in- 
fusible, slowly soluble in a mixture of H2,SO, and H;POs. 

Laue, rotation, and Weissenberg photographs showed the space group to be 
P6/m me, the unit cell has a=5.60 kX, c=22.12 kX, containing 2(CaO - 6 Al.O3). The struc- 
ture is similar to those of magnetoplumbite (PbO : 6 I’e.03), the artificial oxide CaO - 6 AlsOs, 
and beta-alumina. 

The mineral occurs in an alluvial deposit at Esiva, Fort Dauphin region, Madagascar. 
Also found in a metamorphosed limestone rich in calcic plagioclase, associated with corun- 
dum, spinel, and thorianite. 

The name is for P. Hibon, who discovered the mineral. Pronounced Ee’bonite; not to be 


confused with hibbenite. 
M. F. 


Karpinskyite 


L. L. Sumi, Karpinskyite—a new mineral. Doklady Akad. Nauk S.S.S.R., 107, 737- 
739 (1956) (in Russian). 
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Chemical analysis by V. A. Moleva gave SiO: 56.68, TiO» trace, Al,O; 16.40, FeO; 0.06, 
BeO 2.58, ZnO 3.26, MgO 0.78, NazO 9.18, K2O 1.55, H:O~ 2.50, H20* 5.00; sum 97.99%. 
(Given as 99.99 in the original and the molecular ratios agree with the figures given. M. F.) 
Spectrographic analysis by A. S. Dudykin showed Ga, Ca 0.X%, Pb, Cu, Zr, Sr, Mn 
0.0X%, Nb 0.01%. This gives the formula (Nai.79K 0.20) (Beo, 2Zno.246Mgo.12) Aly. 95915.71014. 65- 
(OH)3,35 or Nao(Be,Zn,Mg)AlSigQi6(OH)2. The mineral is insoluble in 1:1 HCl, HNO, 
and H»SQ,. The DTA curve shows endothermic breaks at 90°, 540°, and 900°. 

Karpinskyite is white with vitreous to pearly luster. Soft, H. not more than 13-2. Sp. 
gr.=2.545, by hydrostatic suspension. Fracture uneven, easily cleavable to fine fibers. 
Optically uniaxial, positive, with ms e=1.518, o#=1.511. 

The crystals are prismatic, acicular. The hexagonal cell has a=14.24, c=4.83 A, but 
the mineral is rhombohedral, with possible symmetry classes D3a, C3», or D3. X-ray powder 
data are given; the strongest lines are 3.161 (10), 3.388 (7), 2.463 (7), and 1.741 (7). 

Karpinskyite occurs in rosettes of radiating crystals in a pegmatite vein cutting lu- 
javrites on “the northern slope of one of the alkalic massifs.” (Kola Peninsula? M. F.) 
Associated minerals are natrolite and albite, the latter partly replaced by karpinskyite. 
Also mentioned is ‘a yellow lamellar mineral kozhanovite (karnasurtite),”’ not otherwise 
identified (new mineral? M. F.). 

The name is for A. P. Karpinsky, late President of the Academy of Sciences, U.S.S.R. 

Discussion: Calculation of the hexagonal cell content does not give satisfactory re- 
sults. Further «-ray study is needed. This is the first instance of isomorphous substitution 
of Be by Zn, often postulated previously on the basis of the relations between willemite and 
phenakite in spite of the large differences in ionic radii. 

M.F. 


Karpatite 


G. L. Piotrovsky, Karpatite—a new organic mineral from Transcarpathia. Lvovskoe 
geol. Obshch., Mineralog. Sbornik, No. 9, 120-127 (1955) (in Russian). 


The mineral was found associated with curtisite (idrialine) and amorphous organic 
material in cavities at the contact of diorite-porphyry with Flysch argillites. It forms acicu- 
lar crystals and fibrous, radiating aggregates about 0.05-0.2 mm. thick, up to 5 mm. long. 
Monoclinic with 8=110°; goniometric measurements on natural material agree closely 
with those on material prepared by recrystallization from aniline or by sublimation; cleav- 
age excellent parallel to the length. Hardness about 1, G.=1.40, melts about 430° with 
partial decomposition, sublimes if held just below the melting point. Optically biaxial, 
negative, a=1.780+0.002, B=1.977-1.982, ~=2.05-2.15; optic axial plane parallel to 
length (=X). Analyses by T. G. Sokolov, L. M. Samtsov and L. B. Lebedev gave C 
92.22, 92.08; H 4.08, 4.03; O (by diff.) 3.70, 3.89%, corresponding to C:H:O approxi- 
mately 33.17:17:1 (actually 32.3:16.9:1 M. F.). X-ray powder diagrams by Ya. L. Giller 
are different from those of curtisite and hoelite. Apparently named for the locality. 

M. F. 


Heidornite 


Wot v. ENGELHARDT AND Hans FicuTBaver, with «x-ray data by Josef Zemann. 
Heidornit, Na2Ca;Cl(SO.)2B;0s(OH)s, ein neues Bormineral aus dem Zechsteinanhydrit. 
Heidelberger Beitr. Mineralog. Petrog. 5, 177-186 (1956). 
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The mineral occurs, mixed with an equal amount of glauberite, in a cavity in a drill 
core at 1968 m. depth in the upper anhydrite of the Zechstein formation on the German- 
Dutch border northwest of Nordhorn. It is found as terminated (some doubly), transpar- 
ent crystals up to 7 cm. long. The crystals are steep, spear-like, with the forms {110}, 
{111}, and {112} dominant. H. 4-5. G. 2.753+0.002, by suspension in bromoform-meth- 
anol. 

Analysis by R. Kithn gave NaCl 9.40, NasO 5.07, CaO 27.61, SO; 26.55, BsOs 27.99, 
H,0~ (105) 0.14, H,O* 3.15, insol. in acid 0.07, sum 99,98 per cent, corresponding to 
NazCasCl(SO,4)2B;0s(OH)2. Fe was detected in the insoluble residue. The water is given off 
between 500° and 600° C. 

Goniometric study showed heidornite to be monoclinic, a:b:¢=1.29:1:2.37, B 93°15’. 
The {112} faces and the perfect cleavage on {001} were smooth, but {111} and {110} were 
striated and showed vicinal faces so that measurements were approximate. Weissenberg 
and rotation diagrams gave a 10.21, 6 7.84, c 18.79 A. (all +0.5%), 6 93°30’+15’, azbic 
=1.30:1:2.40. The unit cell contains 4 of the above formula weights. G. calcd. 2.70. The 
space group is either C 2/-—(C%, or Ce—C*, probably the former, as a positive test for 
piezoelectricity was not obtained. X-ray powder data are given; the strongest lines in A. 
are: 3.11 vs, 3.77 s, 2.74 s, 2.96 ms. 

Heidornite is optically biaxial, positive, ms at 587 mp a 1.5795, 8B 1.5885, y 1.6045, 2 V 
74° calcd., somewhat variable 63—77° measured, B=), y:a=23°, dispersion v>,r. 

The name is for F. Heidorn, geologist. 

M. F. 


Kettnerite 


Lupor ZAK AND VLADIMIR SYNECEK. Kettnerite, (CaF)(BiO)COs:, a new mineral of 
the phosgenite-bismutite group: preliminary note Casopis mineral. geol. 1, No. 3, 195-197 
(1956) (Czech with English summary). 


The mineral occurs as small brown, brownish-yellow, to lemon-yellow plates in cavities 
in a quartz vein cutting pegmatitic K-feldspar near Krupka (Graupen), Krusné hory 
(Erzgebirge), N. W. Bohemia. Associated minerals are fluorite, Bi, bismuthinite, hematite, 
and altered topaz. Chemical and spectrographic analysis (not given) yield the formula 
CaBi(CO;)OF. The mineral is ditetragonal dipyramidal, space group Ps/n m m (D™ 4h) 
with do 3.79, co 13.59 A., Z=2. G. 5.80. The name.is for Radim Kettner, Professor of geol- 
ogy, Charles University, Prague. 

M. F. 


DISCREDITED MINERALS 


Waltherite (=Walpurgite) 


E. FisHer, Identitit von Waltherit und Walpurgin. Chemie der Erde, 17, 341-345 
(1955). 


X-ray study of 8 samples of waltherite (presumably a bismuth carbonate) from the 
type locality showed that it is identical with walpurgite (bismuth uranium arsenate). 
Microchemical tests showed Bi, U, As, and P, and CO: (admixed bismutite?) Other 
properties including physical properties and ¢o (5.42 waltherite, 5.49 walpurgite) are in 
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good agreement. The name waltherite (1857) has priority over walpurgite (1877), but the 


description was so inadequate that the name waltherite should be dropped. 
M. F. 


Alushtite (= Dickite-++hydrous mica) 


L. V. LocvinENnKO, AND V. A. FRANK-KAMENETSKII, On the so-called alushtite. Doklady 
Akad. Nauk SSSR, 105, 554-557 (1955) (in Russian). 


Alushtite was described by Fersman in 1907 as a hydrous aluminum silicate from 
Alushta, Crimea. It is now shown by chemical, optical, x-ray, and D.T.A. study to be 


dickite with admixed hydrous mica. 
M. F. 


Avalite (=chromian illite) 


DoucuAn STANGATCHILOVITCH (Dusan Stangatilovié), Sur laprésence d’illite chromifére 
dans le gisement de cinabre d’Avala, prés de Belgrade. Compt. rend., 242, 145-147 (1956). 


Avalite was described in 1884 by Losanitch (Dana’s System, 6th Ed., p. 617) as a chromi- 
um-bearing mica, and has since generally been classed as a chromian muscovite (fuchsite). 
A new analysis gave SiOz 50.05, AlsO; 22.83, CreO3 12.38, Fe2O3 2.33, FeO, MnO none, 
MgO 0.14, CaO 0.43, K2O 2.16, NaeO 0.24, TiO: 0.40, P.O; tr., H2O0t 9.43; sum 100.39%. 
X-ray powder data show the strongest lines at 10.13, 4.91, and 3.68 A; a line at 7.1 A indi- 
cates the presence of a little kaolinite. Dehydration and D.T.A. data also indicate that the 
material is to be classed as an illite. The mineral was formed by the hydrothermal alteration 
of a serpentinite. 


M. F. 


Staszicite (=Olivenite)? 


C. GuittEeMtin, Contribution a la minéralogie des arséniates, phosphates et vanadates 
de cuivre. I. Arséniates de cuivre. Bull. soc. franc. minéral. crist., 79, 7-95 (1956). 


Staszicite was described by Morozewicz (1918) as (Cu,Zn,Ca)2AsO,(OH). It was 
classed in Dana’s System, Vol. II, p. 806, as a zincian conichalcite, Ca(Cu,Zn)AsO,(OH). 
Guillemin, on a sample from the type locality, Miedzianka, Poland, finds the x-ray powder 
pattern to be that of olivenite, CuzAsO,(OH). The sample gave a microchemical test for 
zinc and is considered to be a zincian olivenite. 

Discussion: Guillemin does not comment on the fact that the only analysis of staszicite 
showed 20.80% CaO, with Ca:(Cu+-Zn) nearly 1:1, as in conichalcite. 

Further study is needed. 

M. F. 


Arsentsumebite (=Duftite-a) 


C. GUILLEMIN, of. cit. X-ray study of the original specimen (Bull. soc. franc. mineral., 
58, 4 (1935)) showed it to be duftite-w mixed with a little bayldonite. (See abstract of duftite 
under New Data.) 


M. F. 
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Parabayldonite (=Plumboan Conichalcite) 


C. GuILLEMIN, op. cit. Parabayldonite (Biehl, 1919) is shown by analysis and x-ray 
study to be a plumboan conichalcite (Ca, Pb)CuAsO,(OH), part of the duftite-6-conichal- 
cite series. 

M. F. 


Cuproplumbite (= Bayldonite) 


C. GUILLEMIN, o/. cit. Cuproplumite (Biehl, 1919) has generally been considered to be 
bayldonite. This is now verified by «-ray powder data on material from Tsumeb. 
M. F. 


Trichalcite (=Tyrolite) 


C. GurmLteMIn, of. cit. Trichalcite (Hermann, 1858), supposedly Cu;(AsO,)2-5H2O, 
is found by «-ray study of material from the type locality, Turginsk, Ural Mts., to be iden- 
tical with tyrolite, CugCaz(AsO.)s(OH)10:9-10H20, as had previously been suggested by 
Berry, Am. Mineral., 33, 193 (1948). Materia] from Shoshone County, Utah, described by 
Shannon, Proc. U. S. Natl. Museum, 62, art. 9 (1922) as trichalcite is found by x-ray study 
to be the sulfate langite. 

M. F. 


New Data 
Duftite 


C. GurLLEmrn, Contribution a la minéralogie des arséniates, phosphates et vanadates 
de cuivre. I. Arséniates de cuivre, Bull. soc. franc. minéral crist.,79, 7-95 (1956). 


Guillemin finds that there are two minerals of the composition PbCuAsO,(OH). The 
type material, here called duftite-a, is orthorhombic and the «-ray powder pattern is very 
similar to those of descloizite and mottramite, so that the space group is probably Puma. 
Duftite-8 is orthorhombic, disphenoidal, space group P2;2)2; and forms a complete series 
of solid solutions with conichalcite, CaCuAsO,(OH). Analyses, optical data, and «-ray 
powder data are given. 

Discussion: It would be preferable to drop the terms duftite-a and duftite-, to restrict 


the name duftite to what is called here duftite-a, and to rename duftite-6. 
M. F. 


Lavendulan (Freirinite = Lavendulan) 


C. GUILLEMIN, op. cit. 


Lavendulan was described by Breithaupt in 1837 from Annaberg as a hydrous cobalt- 
nickel-copper arsenate, and was found by Vogel in 1853 at Joachimsthal, and by Gold- 
smith in 1877 from San Juan, Chile. Foshag (Am. Mineral., 9, 29-31 (1924)) found that 
the Chilean material differed optically from that of Joachimsthal and his analysis of the 
Chilean mineral led to the formula Na3(Cu,Ca)3(AsO,)2(OH);-H2O. He therefore decided 
that the Chilean material was not identical with lavendulan and he gave it the new nmae 
freirinite. 

Guillemin now finds by «-ray study that lavendulan and freirinite from the type locali- 
ties give identical x-ray powder patterns. Analyses of a sample from Chile (impure) and of 
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synthetic material show the presence of Cl and lead to the formula Na(Cu,Ca) ¢(AsO«)4- 
Cl-4-5H.0 with Ca:Cu variable, about 1:5 (probably better written NaCaCUs(AsOy)«Cl 
-4-5H20 M.F.). H.=22, G.=3.54. Orthorhombic, a=9.73, b=41.0, c=9.85 A, isostruc- 


tural with sampleite, NaCaCUs(PO,),Cl -5H20. 
M. F. 


Lindackerite 


C. GUILLEMIN, op. cit. 


New analyses of lindackerite show that the 1853 analysis, which gave the formula 
CugNiz(AsO4)4(SO4) (OH) 4-5H2O, was in error. No sulfate was found. Two new analyses 
gave the formula H2Cu;(AsO,)4-8-9H2O with a little Co and Ni replacing Cu. Optical and 
x-ray powder data and data on dehydration are given. Lindackerite is monoclinic with 
a=3.95, b=8.02, c=6.277 A, B=100°30’. 

M.F. 


